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Under the 2015 Paris Climate Agreement, New Zealand (NZ) committed to reducing 
greenhouse gas emissions (GHGs): all major government policies should, therefore, 
consider impacts on the climate. Given that the Ministry of Health (MOH) is currently 
in the process of updating NZ‘s Eating and Activity Guidelines (EAGs) series, this 
represents a key opportunity for the development of public policy that is inclusive of 
sustainability considerations. In order to contribute to this effort, this thesis aimed to 
develop a NZ-specific database of food-related emissions that could be used to both 
quantify GHG emissions associated with the average NZ adult‘s diet, and to model the 
climate impacts of different dietary scenarios that conform to the EAGs. 
A NZ-specific Life-Cycle Assessment (LCA) database, including cradle to point-of-
sale emissions estimates for each of the 341 food items included within the most recent 
NZ Adult Nutrition Survey (ANS), was developed by modifying reference estimates 
from a UK database according to the NZ context. NZ-specific LCAs were incorporated 
into the database wherever possible. Diet-related emissions were estimated by 
combining the modified food emissions database with consumption data from the ANS 
(2008/09). Dietary scenarios were developed in consultation with the MOH; each 
scenario‘s impact on emissions was modelled by scaling consumption of individual 
food groups according to EAG recommendations. Results were used to develop 
sustainability statements for potential inclusion within the EAG series. 
Regarding the lifecycle emissions of individual food items in NZ, whole, plant-based 
foods, including vegetables (1.8 kgCO2ekg
-1
), fruits (1.2 kgCO2ekg
-1
), and whole grains 
(1.8 kgCO2ekg
-1
), were found to be significantly less emissions-intensive per kilogram 
than most animal foods, particularly red and processed meats (12-21 kgCO2ekg
-1
). 
Daily diet-related emissions for the average NZ adult were estimated to be 6.6 kgCO2e: 
equivalent to 11% of NZ‘s annual emissions on a population-level. Conforming to the 
EAGs with the least required change to current consumption patterns, was found to 
equate to a modest GHG emissions savings of 7% (5-11%; 95% UI) for the average NZ 
adult. Savings of up to 50% were found to be possible with further emphasis on 
iii 
 
sustainable food choices (mainly via a reduction in animal protein intake), and by 
reducing unnecessary food waste. If adopted at a population-level, emissions reductions 
resulting from such dietary change among NZ adults would be equivalent to 18% of the 
reductions needed to meet NZ‘s current commitment under the Paris Agreement.  
In developing a NZ-specific LCA database of food emissions, this thesis has allowed 
Burden of Disease Epidemiology, Equity and Cost-Effectiveness (BODE
3
) researchers 
to model the climate impacts of different dietary interventions alongside health-related 
parameters. Such information is likely to provide additional leverage for instituting 
policy change in the future. In modelling the climate impacts of dietary scenarios that 
conform to the EAGs, this thesis has provided evidence for incorporating sustainability 
considerations within NZ‘s dietary guidelines. In light of these findings, an ‗issues-
based document‘ on the topic of sustainable eating, which is intended to accompany the 
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“There can be no plan B because there is no planet B.” 
-Ban Ki-moon, Former United Nations Secretary-General 
 
“A healthy planet and healthy people are two sides of the same coin.”  
-Margaret Chan, Former World Health Organization Director-General 
 The Anthropocene 1.1
Economic, technological, and social development over the past century has led to 
significant improvements in both standard of living and life expectancy in industrialised 
countries.
1,2
 Such improvements have coincided with drastic changes to peoples‘ 
lifestyles: greater availability of both highly processed and animal-based foods has 
caused a shift away from more traditional, plant-based eating patterns,
3-5
 while 
urbanisation and the changing nature of work have led to an increase in sedentary 
behaviour.
6,7
 In turn, lifestyle change has been coupled with a dramatic rise in rates of 
non-communicable disease (now accounting for approximately 70% of deaths 
globally),
8
 as well as unparalleled and potentially irreversible impacts on Earth‘s 
natural systems.
9
 Since the middle of the twentieth century, the world‘s socioeconomic 
and biophysical spheres have been changing at such a rapid rate that the transition has 
been referred to as the Great Acceleration.
10
 The impact of human activity on the global 
environment has been so devastating that four of nine planetary boundaries, which 
function collectively to safeguard life on Earth, have already been transgressed.
9
 It is 
now argued that we have left behind the ‗goldilocks‘ conditions of the 11,700-year long 
Holocene period and entered into an entirely new geological epoch, termed the 






 In Search of a Sustainable Framework for Health 1.2
In the 1970s, the existing healthcare model, which tended to attribute the growing 
chronic disease epidemic to people‘s poor lifestyle choices, began to receive 
criticism.
12-14
 It was argued that asking individuals to take greater responsibility for 
their health disregarded the social, economic, and environmental factors involved in 
disease causation. The call for emphasis on the upstream determinants of health was 
thus formally recognised in both the World Health Organization‘s (WHO) Declaration 
of Alma Ata and the Ottawa Charter.
15,16
 In 1991, Dahlgren and Whitehead developed 
the widely cited ‗rainbow‘ model, which conceptualised the determinants of health as 
being multi-layered: individual and community level factors were included, along with 
overarching socio-economic and environmental conditions, or the so-called ‗causes of 
the causes‘.
17,18
 A number of other frameworks, which are firmly rooted in the social 
determinants of health, have been developed over the years, and continue to guide 
public policy decisions today.
19-21
 
Consideration of the environment within public health frameworks has typically been 
confined to social or built environments (i.e. infrastructure, housing, education, 
employment, and relationships); interactions between the biophysical environment and 
human health have been less well described.
22,23
 More recently, Barton and Grant 
developed the Health Map for the Local Human Habitat (Figure 1), which expanded 
Dahlgren and Whitehead‘s 1991 framework to include the wider impacts on human 
health from both the natural environment (water, land, and air) and the global 






Figure 1: A Health Map for the Local Human Habitat, from Barton & Grant, 2006 
While this model depicts the global ecosystem as the overarching influence on health 
and wellbeing, it is important to bear in mind that the typical Western lifestyle (in the 
context of wider social and economic structures) has been the principle driver of 
environmental and climate destabilisation. In this way, the biophysical environment 
both affects and is affected by the social determinants of health: conceptual frameworks 
of health should be redesigned to reflect this.
22,25
 In 2016, Graham and White attempted 
to fill this gap by developing an integrated model, which depicts how both human and 
planetary health are socially determined, and how changes to the biophysical 
environment, in turn, affect human health.
26
 This framework, which is summarised in 




Figure 2: An Integrated Framework for Health, from Graham and White, 2016 
 Healthy and Sustainable Eating Patterns for New Zealand 1.3
There is an urgent need to unite the health and environmental fields.
25,27
 Of the 
numerous and unprecedented global issues that humanity must now address, climate 
change, whose impacts risk undermining both the public health gains of the last half-
century
28
 and the capacity of all nations to achieve the United Nations (UN) Sustainable 
Development Goals,
29
 is considered to be one of the most challenging.
29
 The Lancet 
medical journal has argued that health professionals have the responsibility to take 
action and to be proponents of change.
27
 Furthermore, the Royal Society Te Apārangi 
has identified a great need for further research into the relationship between climate 
change and human health in New Zealand (NZ).
30
 
Given that the global food system is a primary driver of detrimental change to the Earth 
System,
31
 and that the burden of nutrition-related chronic disease continues to grow 
around the world, the importance of focussing research and policy efforts on healthy 
and sustainable eating patterns is incontestable. This thesis contributes to such efforts in 
two important ways: by supporting future research endeavours of the Burden of Disease 
Epidemiology, Equity and Cost-Effectiveness (BODE
3
) Programme, and by helping to 
inform policy change via the Ministry of Health‘s (MOH) Eating & Activity Guidelines 
(EAGs).  
This is especially relevant for NZ, where the current growth model, which is reliant 









 The BODE3 Programme 1.3.1
BODE
3
 is a Health Research Council funded programme within the Department of 
Public Health, University of Otago, Wellington, which aims to assess the societal 
implications of health sector policies, including dietary interventions. The BODE
3
 diet 
model consists of 341 individual food categories that directly align with those used to 





The model has been developed to allow researchers to estimate the health, equity, and 
cost impacts of any intervention that causes a dietary shift (e.g. a tax on sugar-
sweetened beverages, a saturated fat tax, or a fruit and vegetable subsidy). Previous 
BODE
3
 research has identified the need for greenhouse gas (GHG) emissions data to be 
incorporated within the current diet model,
36
 so as to assess the climate impacts of 
different dietary interventions. Such information may provide additional leverage for 
organisations, local councils, and the government to institute policy change. 
 The Eating and Activity Guidelines 1.3.2
The MOH is currently in the process of updating and transitioning the information 
within the current Food & Nutrition Guidelines
37
 and the Physical Activity Guidelines
38
 
to the new EAG series, which aims to provides evidence-based recommendations to 
guide healthy eating and physical activity among the NZ public. In 2015, the MOH 
published the series‘ first document: The Eating and Activity Guidelines for New 
Zealand Adults; other documents that provide information to specific populations (i.e. 
children, older people, and pregnant women) are yet to be updated.
39
 Key changes to 
eating statements within the new guidelines for adults (since their last update in 2003) 
include: renaming the ‗meat and plant protein‘ group to reflect the international 
evidence for preferentially consuming plant- and seafood-based sources of protein; 
advising that saturated fat intake should be reduced and replaced with polyunsaturated 
                                                 
a
 The ANS was a multiple-pass, 24-hour diet recall survey of 4,721 NZ adults aged 15+ years conducted 
in 2008/09. A list of the 341 included food items can be found in Appendix A: ANS Food Item Matching 
and Serving Sizes. This information is also summarised in Table 2.2 of the MOH‘s report: A Focus on 
Nutrition: Key Findings of the 2008/09 New Zealand Adult Nutrition Survey, which is available online.  
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fats; and emphasising consumption of ‗whole‘ and less processed foods generally.
40
 
Such changes tend to align with an eating pattern that is not only healthier, but more 
sustainable as well.
41
 Recognition of this apparent health and environmental co-benefit 
is growing and there appears to be an international trend toward incorporating 
sustainability considerations within national dietary guidelines.
42-46
  
 Project Aims 1.4
This thesis aims to:  
1. develop a NZ-specific database of GHG emissions estimates for each of the 341 
food categories included within both the ANS and the BODE
3
 diet model. 
2. quantify the emissions associated with the average NZ adult‘s current diet. 
3. model the climate impacts of a range of sustainable dietary patterns that conform 
to the EAGs. 
4. develop sustainability statements for potential inclusion within the EAGs, or 
within supporting documentation. 
 Thesis Structure 1.5
Chapter 2 (Background) introduces key concepts that relate to sustainable eating and 
provides context for this research project. The relationship between climate change, 
human health, and the global food system is summarised. Following this discussion, 
important aspects of a sustainable diet are outlined. 
Chapter 3 (Literature Review) examines the available international and NZ-specific 
literature that models the climate impacts of different dietary patterns. A systematic 
approach to the review is undertaken and eligible studies are critically appraised. Clear 
research gaps are identified and different methods for filling such gaps are evaluated. 
Chapter 4 (Methods) details those methods used to both assemble a NZ-specific LCA 
food emissions database, and to model the GHG impacts of shifting current 
consumption to be in line with the EAGs.  
7 
 
Chapter 5 (Results) describes principle findings, including climate impacts associated 
with different NZ foods, emissions associated with the NZ diet, and GHG savings that 
may be achieved by eating more sustainably. It also reports on significant policy-related 
progress that has been achieved in coordination with the MOH. 
Chapter 6 (Discussion) presents major findings in the context of the international 
literature. Study strengths and limitations, as well as research and policy-related 




2 Background  
 
 Chapter Overview 2.1
This chapter provides information about the important concepts that underpin this 
thesis. Beginning with a discussion on climate change and its impacts on human health, 
we come to understand how mitigation opportunities may confer significant population 
health benefits. Agriculture‘s role in climate change is also investigated, alongside what 
it means to eat sustainably. A final examination of international policy as it relates to 
sustainable diets begs the question: could similar achievements be made in NZ? 
 Climate Change and Health 2.2
In a 2009 Lancet-University College London report, climate change was deemed the 
„biggest global health threat of the 21st century‟, placing billions of people at increased 
risk of negative health outcomes in the coming decades.
47
 The Earth‘s average surface 
temperature has become successively warmer over the past three decades, exceeding 
any decade on record since 1850.
48
 We are already living in a world that is, on average, 
1
o
C warmer than pre-industrial times
49
: meteorological data in NZ are consistent with 
this trend.
50
 The livelihoods of hundreds of millions of people around the world are 
already being negatively impacted by climate change.
27
 As the climate continues to 
warm, these issues are set to worsen dramatically, leading to potentially irreversible 
consequences for both populations and ecosystems.
27
 Even under more optimistic 
models of climate change adaptation, substantial impacts on future human mortality are 
predicted: increased heat stress, under-nutrition, and diarrhoeal and mosquito-borne 
infectious diseases, resulting directly from climate change, are expected to cause 
250,000 deaths per year by 2030.
51
 Furthermore, climate change-related impacts on the 
global food system, particularly on the availability and consumption of fruits and 
vegetables, are expected to cause a further 500,000 deaths by 2050.
52
  
Such alarming prospects certainly stress the importance of fully recognising the 
expected health burden associated with climate change.
53
 While the world‘s poorest and 









Amidst these seemingly overwhelming effects, however, there is good reason to be 
optimistic, especially when it comes to the relationship between climate change 
mitigation strategies and more immediate health-related effects. In its second 
commission on climate change and health, published in the month leading up to the 
2015 United Nations Climate Change Conference (COP-21), the Lancet seems to 
reconcile its prior message, that of climate change being the single greatest health threat 
of our time, with an updated and more positive conclusion: that „tackling climate 
change could be the greatest global health opportunity of the 21st century‟.
28
 The 
opportunity that has been identified has to do with avoiding major setbacks in terms of 
advances made on global health issues over the past half century, while taking 
progressive steps toward building a more equitable and resilient health system.
54
  
At COP-21 in Paris, 195 countries, including NZ, committed to emissions reductions 
aimed at preventing global average temperatures rising more than 2
o
C above pre-





atmospheric greenhouse gas (GHG) concentrations continue to rise, with current 
emissions trajectories already exceeding 2°C of warming by 2050.
56
 In fact, by the end 
of this century, global average temperatures are predicted to exceed 4°C, compared 
with the pre-industrial era, at which point temperature increases will not yet even have 
stabilised.
28
 Such predictions demand immediate global attention, as failure to act now 
„may be incompatible with an organised global community‟.
57
 
In high-income countries like NZ, it is evident that this call to action should be multi-
faceted, holding all relevant sectors of society and the economy accountable.
58,59
 
Furthermore, all major government policies that are implemented should consider any 
and all impacts on emissions. Policies that are directed toward the public should, where 
appropriate, provide information and incentives that stimulate movement toward 
sustainable living and consumption, as lifestyle among those in affluent nations has 
been identified as the greatest socio-political hurdle to overcome in climate change 
mitigation efforts.
47
 As will be described, agriculture‘s role in climate change is 
substantial,
9
 and everyday dietary choices are among the most effective ways in which 





 Agriculture’s Role in Climate Change 2.3
The global food system is a major contributor to climate change.
9
 Agricultural 
production releases GHG emissions both directly and indirectly.
61
 Direct sources 
include: carbon dioxide (CO2) emissions from fossil fuels that are burnt to support both 
on-farm operations (e.g. electricity use and diesel for machinery) and downstream 
production stages (including processing, transportation, packaging, refrigeration, etc.); 
nitrous oxide (N2O) emissions from nitrogen-based fertiliser use; and methane 
emissions arising from digestive processes among ruminants (enteric fermentation) and 




Overall, the Agriculture, Forestry and Other Land Use sector accounts for nearly one 
quarter (24%) of global GHG emissions: the second largest sector after Energy.
63
 This 
is principally from the management of livestock, soil, and nutrients, as well as 
deforestation, which is driven primarily by animal husbandry and animal feed crop 
production.
63,64
 The livestock sector alone is estimated to be responsible for nearly one 
quarter of all anthropogenic global warming since pre-industrial times,
65
 and 
approximately 14.5% of annual global GHG emissions, a higher share than all forms of 
world transportation combined.
64
 This figure falls in line with calculations performed 
by both the Environmental Protection Agency and the Intergovernmental Panel on 
Climate Change (IPCC),
66
 although other estimates have suggested that livestock‘s 
contribution to global emissions could be as high as 51%.
67
 
The great majority of GHG‘s attributable to livestock rearing (~44%) are from the 
release of methane, while almost equal amounts of N2O and CO2 make up the 
remainder.
64
 Methane is known as a Short-Lived Climate Pollutant (SLCP): a category 
of GHGs with shorter atmospheric lifetimes than CO2 (meaning that effects are exerted 
for a significantly shorter amount of time) but that typically have higher global 
warming potential, or GWP (i.e. their molecular composition means that they have a 
greater capacity for trapping heat). While CO2 may remain in the atmosphere for 
hundreds of years, SLCPs have atmospheric lifetimes of less than 20 years.
68
 Methane, 
for example, has an atmospheric lifetime of only 12 years, but has a 100-year GWP that 
is 28 times greater than CO2.
48
 Since methane is a potent GHG with a relatively short 
lifespan, its curtailment can, importantly, lead to more immediate climate change 
11 
 
benefits. Actions to mitigate SLCP emissions are even more useful if they 
simultaneously lead to reductions in longer-lived climate pollutants, such as CO2 and 
N2O: livestock agriculture represents an important opportunity in this regard, as it is 
responsible for 44%, 5%, and 53% of annual anthropogenic methane, CO2, and N2O 
emissions, respectively.
64,69
 This is especially relevant for NZ, where 93% of 
agricultural emissions, or 45% of national GHG emissions, are attributable to livestock 
production alone (including dairy and non-dairy cattle, sheep, and deer).
70
 At nearly 
twice the global average, NZ has higher per-capita agricultural emissions than any other 
country in the world.
71
  
In transitioning toward a more sustainable economy, a key priority will involve 
continuing to make alterations within the agricultural sector. NZ is already counted 
among the world‘s most efficient agricultural producers, with research funding into 
technologies aimed at reducing supply-side emissions (i.e. per unit of land, animal or 
product) set to expand.
72
 Although supply-end strategies, when implemented widely, 
have the potential to lead to important emissions reductions,
42
 it is certainly worth 
noting that necessary technological modifications within the agricultural sector are not 
expected to be possible within the time-frame set out by NZ‘s current commitment to 
the Paris Climate Agreement (i.e. to reduce GHG emissions to 30% below 2005 levels 
by 2030).
72
 The NZ government‘s persistent focus on technological advancements 
requires challenging and expanding upon.
42
  
Moreover, the potential to reduce emissions arising from within the supply chain is not  
nearly as significant as what can be achieved through a demand-end approach: namely, 
decreasing consumption of those agricultural products that are GHG-intensive.
63
 
Current trends, nevertheless, signal an increasing global demand for such products: 
non-CO2 agricultural emissions (methane and N2O) are set to triple by 2055, to 15.3 
GtCO2e
b
, if significant alterations to population-wide dietary patterns are not 
achieved.
63,73
 Research has shown that a scenario in which solely agricultural 
technologies are applied as a mitigation strategy has the potential to lower that value to 
9.8 GtCO2e, while, if we consider a scenario in which there is reduced overall demand 
for livestock products alone (25% reduction each decade), the value could be decreased 
                                                 
b
 CO2e, or carbon dioxide equivalents, is a unit that combines the various greenhouse gases into a single 
metric that is based on their relative Global Warming Potentials (GWPs). In other words, CO2e 





 The importance of eating pattern choices is paramount: by 
consuming foods with low emissions profiles, it is possible to make even further gains 
in terms of GHG reductions overall.
63
 
A 2017 Organisation for Economic Co-operation and Development (OECD) 
assessment of NZ‘s environmental performance concluded that the country‘s 
established growth model, which is largely centred on animal agriculture, is nearing its 
environmental limits, with increasing climate, freshwater, and biodiversity impacts.
32
 
The report explains how continuing to rely on GHG-intensive livestock production is at 
odds with achieving NZ‘s commitments to the Paris Climate Agreement. The authors 
argue that continued exemption of the agricultural sector from mitigation efforts (for 
instance, the Emissions Trading Scheme) not only makes it more difficult to achieve 
climate goals, but also unfairly burdens other sectors.
32
  
A Vivid Economics report released shortly after the OECD assessment, which was 
commissioned by GLOBE-NZ (a cross-party group comprised of 35 NZ Members of 
Parliament), described different pathways that NZ could take in order to reach net zero 
emissions in the second half of the century. Along with decarbonisation of the energy 
and transport sectors, substantial afforestation, and assuming both the fruition of 
technologies and increased productivity within the agricultural sector, all scenarios 
nevertheless required significant reductions in livestock numbers (between 22-32%).
74
 
It is often argued that any reduction in NZ‘s livestock exports will simply be replaced, 
in order to fill the market gap, by more climate-intensive livestock products from other 
countries
75
; similarly, calls for widespread dietary change within NZ may be perceived 
as having a relatively small impact on national emissions, given that 95% of NZ‘s 
agricultural products are exported for the international market,
76
 This mentality is 
dangerous in the context of climate change mitigation, which must be viewed as a 
global effort; all nations, with the exception of the US, have now signed on to the Paris 
Agreement, and all must follow similar pathways toward net zero emissions by 
2100.
55,77
 In the global context, one such pathway will likely involve transitioning 
toward healthier and sustainable eating patterns, which, in turn, is expected to have 





 Climate and Health Co-benefits of Dietary Change 2.4
When it comes to dietary change, there is considerable alignment between health and 
climate change-related outcomes. It has been estimated that reducing animal-based food 
intake and increasing consumption of plant-based foods in line with global dietary 
guidelines from both the World Health Organisation and the World Cancer Research 
Fund (at least five daily servings of fruits and vegetables
79
 and the recommended 
population average intake of 43 grams of red meat
80
 and 50 grams of sugar
79
) could, by 
2050, reduce global mortality by as much as 10%, and diet-related emissions by 
between 29-70%.
81
 Such estimates, which are considered by the publication‘s authors 
to be conservative, reveal an inherent climate and health co-benefit opportunity. To 
date, there are no studies assessing the climate impact of meeting the NZ EAGs; the 
extent to which international trends apply to the NZ context has not previously been 
described.  
 Sustainable Eating  2.4.1
The Food and Agriculture Organization of the United Nations (FAO) and Bioversity 
International, in a 2012 report, defined sustainable diets as those which contribute „...to 
healthy life for present and future generations‟.
82
 The definition points to the fact that 
such diets should work to protect biodiversity and ecosystems, to optimise natural 
resources, and to lower environmental impacts. Furthermore, these diets should also be 
„...culturally acceptable, accessible, economically fair and affordable; nutritionally 
adequate, safe and healthy.‟
82
 While all aspects mentioned are both relevant and highly 
important to include within such a definition, sustainability within the scope of this 
thesis, as it relates to dietary choices, will focus most specifically on climate change 
considerations (i.e. GHG emissions). 
Globally, individual food items are known to vary considerably with respect to the 
emissions associated with their production.
83
 Animal products are typically the most 
GHG intensive: emissions from ruminants (cattle and sheep) are highest, while pork, 
eggs, poultry, and milk are, on a per kilogram basis, significantly less so.
61,84
 It is well 
established that whole, plant-based foods (i.e. vegetables, fruits, whole grains, legumes, 
nuts, and seeds) are, overall, substantially less GHG-intensive than animal foods. 
Processed foods high in refined grain, sugar, salt, and saturated fat are generally 
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considered to be intermediate-level emitters.
61,85,86
 These trends also hold true when 
comparisons among food categories are drawn on the basis of protein output alone (e.g. 
emissions per kilogram of protein produced, rather than per kilogram of raw 
product).
87,88
 Of all foods, legumes, whole grains, and vegetables exhibit the lowest 
emissions profiles, generally excluding those that are air freighted, and those that 
require intensive heating locally (e.g. glasshouse heating).
83,86,89
 
Emissions profiles of common food groups have been used broadly in order to model 
the GHG impacts of various eating patterns, offering pragmatic insight into both 
population-wide dietary trends, as well as opportunities for more sustainable dietary 
change. Various studies from abroad have found the ‗Western‘ eating pattern (typically 
high in animal products, oils, and highly processed foods) to be considerably more 
GHG intensive than other dietary patterns that tend toward greater incorporation of 
whole, plant-based foods.
90
 In moving away from the current norm toward an entirely 
plant-based eating pattern (i.e. progressing from omnivorous, to vegetarian, to vegan), a 
step-wise reduction in associated GHG emissions is identifiable.
91
 
While eating pattern changes hold the potential to significantly reduce GHG emissions, 
the premise of a widespread dietary shift toward greater incorporation of plant-based 
foods has been described as drastic and unrealistic.
92
 It has been claimed that sweeping 
alterations in human behaviour would be needed in order to achieve population-wide 
eating pattern changes, and substantial resistance on social, cultural, economic, 
industry, and both national and international policy fronts could be expected.
93
 
Nevertheless, efforts aimed at assisting in the transition toward a more sustainable 
eating pattern, such as the incorporation of sustainability objectives into national 
dietary guidelines, have provided reason for optimism.
92
 
 Healthy Eating 2.4.2
Non-communicable disease is now the foremost cause of global mortality: accountable 
for nearly 70% of deaths.
8
 In NZ, chronic diseases contribute 88% of the current 
national burden of ill-health.
33
 This is reflective of a healthcare system that has 
undergone substantial developments in the reduction of premature mortality, while 





It has long been known that poor dietary habits play a significant role in the 
establishment of chronic illnesses, including heart disease, diabetes, stroke, and 
cancer.
94
 The current annual health burden among New Zealanders equates to the loss 
of about one million Disability-Adjusted Life Years (DALYs)
c
, nearly 40% of which 
could potentially be prevented.
94
 Poor nutrition is the most significant modifiable risk 
factor, contributing nearly 10% of NZ‘s total annual DALYs; this is followed closely 
by overweight and obesity, making up about 9% of annual DALYs, along with other 
risk factors that find their basis, at least in part, in poor nutritional choices.
94
 
The typical Western dietary pattern, characterised by a high proportion of animal-based 
and highly processed foodstuffs, including refined plant-oils, is known to be associated 
with a number of surrogate disease markers, including high body mass index, high 
blood pressure, high blood sugar, and dyslipidaemia (abnormal blood lipids), and is 
well-recognised as being a key contributor to the burden of chronic disease.
95,96
 
According to the on-going National Institutes of Health (NIH)-AARP study (now at 7.5 
million person-years of observation), consuming red and processed meat increases risk 
of all-cause mortality, as well as mortality from cardiovascular disease, diabetes, 
cancer, liver disease, kidney disease, and lung disease.
97
 
A plant-based eating pattern, in contrast, emphasises whole, plant-based foods (‗whole‘ 
herein referring to foods in their natural or minimally-processed forms), including any 
and all types of legumes, vegetables, tubers, whole grains, fruits, nuts and seeds, herbs, 
spices, and beverages that are unprocessed and unsweetened.
98
 The eating pattern is 
also generally high in complex carbohydrate, fibre and phytonutrients, and provides an 
adequate amount of protein and low levels of total fat, while at the same time 
minimising or excluding sources of trans fat, cholesterol and saturated fat. It also 
minimises overall intake of salt and refined sugars. It discourages the consumption of 
animal products and highly processed foods and beverages.
99-101
  
A well-established body of research tells us that plant-based eating patterns confer 
benefit against a range of common chronic illnesses,
101-104
 including obesity, 
                                                 
c
 The extent to which dietary habits contribute to poor health outcomes is best quantified through the use 
of the Disability-Adjusted Life Years metric, otherwise referred to as DALYs. As a unit of health loss, 
one DALY equates to losing one year of healthy life, and combines both years of life lost from early 
death with years of life lived in a state of suboptimal health (i.e. some degree of disability scaled 
according to its severity).  
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hypertension, type-2 diabetes, heart disease, and certain types of cancer.
105
 The degree 
of adherence will determine the benefit one may expect to receive in terms of chronic 
disease risk reduction, although the eating pattern is certainly most favourable for 
health outcomes when fully adopted.
106-108
 
There is often concern associated with the reduction or elimination of animal-based 
foods within a balanced diet, although it is well established that plant-based eating 
patterns are both adequate and health-promoting. The official position of the Academy 
of Nutrition and Dietetics, and echoed by Dietitians of Canada, states that plant-based 
dietary patterns meet recommendations for protein intake, as well as for iron, calcium, 
zinc, vitamin D, and omega-3 fats, among other essential vitamins and minerals (the 
use of fortified drinks or a supplement will help those who are fully plant-based to 
easily meet their vitamin B12 recommendation).
105,109
 Concerning the bioavailability of 
certain micronutrients, such as iron and zinc, differences between plant and animal 
foods are easily compensated for in vegetarian or vegan eating patterns through 
adequate meal planning.
105
 The position statements also emphasise that plant-based 
eating patterns are appropriate for all lifecycle stages, including herein pregnancy and 
lactation; infancy; childhood and adolescence; adulthood, and older adulthood.
105,109
 
 Sustainable Dietary Guidelines 2.5
Some nations, along with a number of well-respected institutions, including the IPCC, 
now formally recognise the need for a sustainable food systems approach.
48
 The 2014 
International Conference on Nutrition, co-hosted by the FAO and the WHO, saw 
member countries, including NZ, commit to enhancing sustainable food systems that 
meet nutritional needs and that promote safe, diversified, and healthy diets.
110
 In 2016, 
the UN General Assembly proclaimed 2016-2025 to be the United Nations Decade of 
Action on Nutrition, inviting governments to participate, through multi-level policy 
efforts and otherwise, in the eradication of both under- and over-nutrition.
111
 In 2015, 
1.9 billion adults were overweight, of which 600 million were obese; addressing the 






It is clear that well-designed policies can reduce the negative health impacts of climate 
change, while improving population health overall
30
;  as for policy approaches that will 
be most effective, the answer is somewhat less obvious.
113
 According to a recent report 
by the Food Climate Research Network (FCRN), based at Oxford University, a 
country‘s national dietary guidelines represent a key opportunity for policy 
development, allowing governments to take action on nutrition-related health 
objectives, while concomitantly addressing sustainability concerns.
42
 These guidelines 
aim to provide official, up-to-date, and readily accessible evidence regarding adequate 
and healthful food choices for citizens. Ultimately, dietary guidelines should inform a 
wide range of government programmes and interventions (e.g. regulations on food 
marketing and advertising).
42
 Resultant downstream policy adoption appears, though, to 
receive little attention by way of monitoring and evaluation.
114
 In other words, it is 
often difficult to understand whether or not practical food policies are being 
implemented on a wider scale, in accordance with the most recent set of dietary 
guidelines (e.g. among schools, hospitals, other public institutions and so on).
115,116
  
The concept of incorporating sustainability considerations into a country‘s national 
dietary guidelines was first put forth in a 1986 publication, wherein the interconnection 
between eating pattern choices and environmental effects (most often referring to 
greenhouse gas emissions and land and water resource usage) was drawn, and the term 
‗sustainable diets‘ coined.
117
 There is now increasing global interest in expanding the 
traditional scope of dietary guidelines, most notably among members of the academic 
world and among non-government organisations.
42
  
In recent years in particular, some momentum has certainly been gained, with select 
countries showing leadership in this regard. Currently, four nations have formally 
incorporated sustainability objectives into their guidelines: Germany was the first, in 
2013, followed by Brazil (2014), Sweden (2015), and Qatar (2015), although there are 
obvious discrepancies between countries in terms of the quality of information and 
advice offered.
43-46
 Others, such as the UK, France, Netherlands, Estonia, and some 
Nordic countries, have produced similar (though not yet government mandated) 
documentation with support from government-funded agencies.
42,118-120
  
Other countries have been less successful: the US and Australia have met with 
considerable challenges in their attempt to implement sustainability objectives within 
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national dietary guidelines. In the US, a 2015 United States Department of Agriculture 
(USDA) report by the Dietary Guidelines Advisory Committee (comprised of a 
scientific panel whose responsibility it is to systematically review the relevant 
literature) drew attention to this issue for the first time. The committee concluded that 
eating patterns higher in plant-based foods and lower in animal-based foods, as 
compared with the typical Western diet, are better for both human health and the 
environment, and „(t)hat the application of environmental and sustainability factors to 
dietary guidelines can be accomplished because of the compatibility and degree of 
overlap between favorable health and environmental outcomes‟.
121
 These statements 
were cause for considerable backlash from the food industry; lobbying efforts on behalf 
of meat producers, in particular, sought to discredit findings. Sustainability 
considerations were argued to be „outside the scope of the guideline‟s legal mandate‟, a 
sentiment that was echoed by the US Secretary of Agriculture and that ultimately led to 
their exclusion from the 2015 Dietary Guidelines for Americans.
42
 In the recent past, 
Australian efforts met with similar difficulties in the form of public campaigning by 
farmers and food industry groups, leading once again to the exclusion of sustainability 
from the official guidelines on the grounds of their being outside the intended scope. 
The country did succeed, however, in developing a sustainability appendix for inclusion 
within the final version of its 2013 Australian Dietary Guidelines.
122
 
Sustainability messaging within dietary guidelines tends to show little variation: 
Germany, Sweden, Brazil, and Qatar all emphasise the importance of consuming 
whole, plant-based foods, while Sweden further recommends emphasis on the 
consumption of more robust, field-grown plant foods (e.g. root vegetables) that are 
even less resource-intensive.
43-46
 Concerning meat consumption, all four countries place 
some degree of emphasis on the reduction of red and processed meat, though 
recommended intake limits, where specified, do not differ substantially from current 
average per capita consumption.
42
 
Though notably positive steps have been taken in the development of sustainability 
guidelines, the advice given, in particular with respect to foods that are both GHG and 
resource-intensive, appears to be not nearly as progressive as evidence would 
demand.
42
 A 2014 literature review outlines, in broad terms, the characteristics of a 
healthy and sustainable eating pattern: that being one which, while greatly emphasising 
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whole plant foods, more explicitly discourages the regular intake of animal products: 
this may involve little, if any, meat consumption; moderate dairy intake alongside the 
active promotion of fortified plant-based alternatives; and occasional intake of small 
portions of sustainably-sourced fish.
123
 This, alongside the standard recommendation to 
restrict food and drink containing a high amount of sugar, fat, or salt.
123
  
NZ is in the process of updating the national Eating and Activity Guidelines (EAGs) 
series for the first time since 2003. The EAGs currently do not include sustainability 
objectives, although interest in doing so appears to be growing within the Ministry of 
Health (MOH)
d
. Contextual analysis is an essential first step toward developing 
sustainability considerations for inclusion within NZ‘s dietary guidelines. Production 
systems in NZ are widely considered to be less emissions-intensive than those in other 
parts of the world,
72,77
 although such claims appear to be supported by relatively few 
studies.
124-127
 Furthermore, there may be fewer emissions associated with electricity-
dependent production phases in NZ as compared with other countries, since 90% of 
NZ‘s electricity is currently derived from renewable sources.
128
 Given NZ‘s relative 
geographical isolation, such advantages may be somewhat counterbalanced by 
transport-related emissions associated with imported food items.
129
 In investigating 
these potential differences, in the context of both individual foods and overall dietary 
patterns, it is anticipated that this thesis will help resolve persisting uncertainties 
surrounding food-related emissions. 
The following chapter comprises a replicable and robust review of the available 
international and NZ-specific sustainable dietary modelling literature, so as to identify 
previous research that might serve to inform our aims.  
                                                 
d
 More specifically, via personal communication with Louise McIntyre, Senior Advisor at the Ministry of 
Health, and co-author of the current Eating & Activity Guidelines for NZ Adults document. 
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3 Literature Review 
 
 Chapter Overview 3.1
In reviewing the available international and NZ-specific literature, this chapter 
investigates how previous studies have modelled the climate impacts of various dietary 
scenarios. Methods for reviewing the literature are outlined initially, including a 
description of the search strategy and inclusion and exclusion criteria employed, as well 
as the approach to both data extraction and critical appraisal. Search results are 
presented in section 3.5, followed by a discussion concerning the existing dietary 
modelling literature. In this process, clear research gaps are identified and 
methodological approaches to filling these gaps are examined. 
 Search Strategy 3.2
A systematic approach was taken in reviewing the literature. Scopus was identified as 
the most appropriate database for this purpose, primarily due to its interdisciplinary 
nature. This reflects the integrative approach of the project itself, which touches upon 
the areas of human health and nutrition, as well as environmental and climate science.  
Search terms are summarised in Box 1. Due to the recent and rapid expansion of this 
subject within the published literature (and the rate at which it becomes out-dated), the 
chosen search strategy was confined to the previous ten years (i.e. 2008 onward). 
Articles were also restricted to those written in English only. The search strategy was 
crosschecked against a list of important publications previously identified by the 
Burden of Disease Epidemiology, Equity and Cost-Effectiveness (BODE
3
) research 




Box 1: Search Strategy 
 
 
Bibliographic Database: Scopus (2004-March 2017) 
Search Terms: title, abstract, or keyword list containing: 
 at least one of: greenhouse gas emissions; greenhouse-gas emissions; GHG emissions; 








 at least one of: model*; calculat*; analys*; estimat*; or review* 
Search Restrictions:  
 English language 
 2008 onward 
 
Google Scholar was used to supplement these efforts, and, in cases of highly relevant 
material, publication citations, as well as the ‗cited-by‘ feature within Scopus, were also 
used in order to scan the literature both backward and forward in time.  
 Inclusion and Exclusion Criteria 3.3
Studies that modelled the climate change impact of one or more dietary scenarios, as 
compared to average consumption, were assessed against pre-determined exclusion 
criteria. Studies not ruled out by any of the eligibility criteria were included within this 




Box 2: Inclusion and Exclusion Criteria 
 
Studies were included if they: 
 modelled the climate-related impacts of a specific dietary scenario(s) as compared to 
average current consumption 
Studies were excluded if they: 
1. did not relate to food or agricultural production 
2. focused on farming techniques or technologies 
3. did not relate food or agricultural production to climate change impacts 
4. calculated GHG emissions associated with an individual food item (i.e. a single life-
cycle assessment) 
5. compiled a database of foods and their associated lifecycle emissions (i.e. a life-cycle 
assessment database) 
6. were limited in scope to discussing policy development 
 Critical Appraisal and Data Extraction  3.4
Relevant information from included studies was extracted and entered into a data 
collection form. This process included consideration of each individual study‘s design, 
geographical context, dietary scenarios, and key findings. For each included dietary 
modelling study, four methodological aspects, including source of consumption data, 
source of emissions data, energy compensation, and uncertainty analysis, were also 
assessed and recorded as part of the critical appraisal. These aspects, which are known 
to have a significant impact on the quality of environmentally-focussed dietary 
modelling studies, have been critically appraised within existing systematic reviews on 
this topic.
90,113,130,131
 Table 1 summarises the likely effect of each appraised aspect on 
diet-related emissions estimate. 
Table 1: Study Qualities Appraised and Their Likely Effect on Outcomes 
 
Aspect Appraised Likely Effect 
Source of Consumption 
Data 
 Dietary Intake Surveys focus at the level of the individual and may 
underestimate diet-related emissions (i.e. from under-reporting)
130
 






Aspect Appraised Likely Effect 
Source of Emissions 
Data 
 Process-based Life-Cycle Assessment, which is well suited to 
product-level analysis,  may underestimate individual food item 
emissions (i.e. from truncation error)
132
 
 Input-Output Analysis, which uses aggregate data and is well-suited 









 If dietary scenarios do not compensate for energy losses, the climate 
impact of making sustainable food choices may be confounded by 









 Search Results 3.5
A total of 1493 studies were retrieved from the electronic search. Nine duplicates were 
removed and 1415 studies were excluded on the basis of initial screening (assessing 
title and abstract only). Of the remaining potentially relevant studies, full-texts were 
assessed according to inclusion and exclusion criteria and a total of 34 eligible studies 
were identified. Seven additional studies were identified from Google Scholar or the 
Scopus cited-by feature. Search results are outlined in Figure 3, and Table 2 provides a 













Table 2: Summary of Included Dietary Modelling Studies 
 






















to quantify the climate footprint 
of the Greek diet and model more 
sustainable dietary scenarios 
Vegetarian; Meat 
Replacement 
Lacto-ovo vegetarian scenario confers 
34% reduction, while swapping beef for 







Aleksandrowicz et al. 
(2016)130 
systematic 









to review evidence on shifting 
current consumption to 
environmentally sustainable 
eating patterns 








new Nordic diet 
"reductions in environmental footprints 
were generally proportional to the 
magnitude of animal-based food 
restriction." Vegan diet conferred greatest 
median emissions reduction of 45% 
Dietary Intake 
Surveys 
- - Yes No 





to assess potential health and 
environment co-benefits from 
reduced red and processed meat 
intake 
Meat Replacement 
Reducing red and processed meat intake 
decreased diet-related emissions. Diet-
related emissions were reduced by 0.47 kg 
CO2-e/person/day (or 12%) to 3.96 kg 
CO2-e/person/day in men, and 3.02 kg 













to investigate mortality risk, 
climate impact, and land impacts 
of current diet and model impacts 




Replacing 33% of meat intake with plant 
foods conferred 10% GHG savings, while 














to investigate how diet-related 
emissions could be reduced in 





Replacing 50% of meat intake with plant 
food conferred 15% GHG savings; 
replacing ruminants with mono-gastric 
meats conferred 26% savings; vegetarian 
= 36% savings; vegan 72% savings 
Dietary Intake 
Surveys 
LCA undefined Yes No 






to assess intake of both red and 
processed meat, and the resultant 
impact on both the quality of the 




50% reduction in Brazilian agricultural 
emissions with meat consumption reduced 





















to estimate the environmental 
impact of beef intake and 
potential emissions reductions if 
the World Cancer Research Fund 





Population emissions could be reduced by 
31% if Brazilians reduced their intake of 




















to look at how diet influences 
Australian agricultural emissions 






reducing meat consumption by 60% and 
increasing fruit and vegetable intake may 













to model achievable reductions in 
food-related emissions while 
meeting international dietary 









Shifting consumption to meet WHO 
guidelines reduces average UK diet-
related emissions by 17%, while further 
change (reducing animal products and 






































To compare the climate impacts 
of the average Danish diet with 
vegetarian and vegan diets 
Vegetarian; Vegan 
vegetarian diet conferred 46% savings; 
vegan diet conferred 60% savings 
Dietary Intake 
Survey 
LCA undefined Yes Yes 
Hallström et al. (2014)90 
Systematic 







to review studies assessing 
climate impact of dietary change 






vegan diet (25-55% reduction), vegetarian 
diet (25-35% reduction), and ruminant 
meat replacement (25-35% reduction) are 
the most effective strategies for reducing 
diet-related GHG emissions 
- LCA mixture - 
only in 1 of 
14 studies 





to quantify GHG emissions 
associated with changes to meat 
intake, so as to identify 
opportunities for more 





40-70% reduction in diet-related 
emissions with decreased meat intake (i.e. 
in line with guidelines and implying a 













to assess emissions associated 
with the average Australian diet, 
and to compare this with 




Healthy Australian dietary guidelines 
reduced diet-related emissions by as much 














to determine changes that could 
be made by UK adults to meet 
the dietary guidelines, and to 
reduce emissions while making 







15% reduction in emissions achievable 
via a healthy diet, while 27% reduction is 







Joyce et al. (2016)113 
Systematic 
Review of 21 
studies 
International 
review climate impact dietary 
modelling studies in order to 
assess research and policy 
implications 
Range of Dietary 
Scenarios 
All studies (except Vieux et al., 2012 and 
Wilson et al., 2013) found that GHG 
emissions were reduced as animal-based 
food consumption was reduced 
- LCA - - No 






to model the compatibility of 
diets that meet dietary 
requirements for health with 





emissions reductions are achievable via 
meeting the guidelines: a realistic diet, 
including lesser amounts of meat products 
than the current average (i.e. 372 g 













to investigate existing diets and 
assess their impact of emissions 





20% emissions reductions achievable with 
'lower-carbon' diets, while maintaining 
high nutritional quality; 'sustainable' diets 
conferred 19% and 17% emissions 
savings as compared with population 












to assess diet-related 
environmental impacts and 




Largest emissions reductions via vegan 
diet (53%), followed by the lacto-ovo-
vegetarian diet; emissions reductions were 









Nelson et al. (2016)131 
Systematic 
Review of 23 




to update and extend the 2015 US 
Dietary Guidelines Advisory 
Committee's systematic review of 




DASH diet; Meat 
Replacement 
"... a dietary pattern higher in plant-based 
foods...and lower in animal-based foods 
(especially red meat), as well as lower in 
total energy, is both healthier and 
associated with a lesser impact on the 
environment" 






























to examine emissions associated 
with the Mediterranean diet in 
Italy, and to compare this to the 
national average diet and to two 






The lowest climate footprint was 
associated with the vegetarian diet (15% 
reduction), followed by the Mediterranean 
















to compare reductions in diet-
related emissions with nutritional 
adequacy, acceptability and 




30% emissions reductions achievable, 
while remaining nutritionally adequate, 















to estimate emissions embodied 
in diets considering both 
agricultural non-CO2 emissions 
and emissions related to fossil 
fuel use; to project future dietary 
patterns and associated total 




content and food 
group composition 
Very high calorie diets had higher per 
capita diet-related emissions (mainly from 





- No No 






to quantify sources of agricultural 
emissions and the resultant 







The lowest climate footprint was 
associated with the Vegan diet (48% 
reduction), followed by the Meat 
Replacement diet (33% reduction), and 




cradle to farm 
gate 
Yes No 





to investigate the environmental 
impact (climate, land, and 
biodiversity) and nutritional 
quality of diet s to inform 




Fat (LCHF) diet 
Healthy Guidelines confer emissions 
savings of 27%, while LCHF-type diet 
increases diet-related emissions by 21% 
as compared to average consumption 
Dietary Intake 
Survey 
LCA - Yes No 





to compare emissions associated 
with various dietary patterns 
consumed by a large North 
American population (i.e. across 





The lowest climate footprint was 
associated with the Vegan diet (42% 
reduction), followed by the Vegetarian 
diet (28% reduction), Pescatarian (24%), 
and Meat Replacement (20%) 
Dietary Intake 
Survey 
LCA - Yes Yes 






to examine emissions associated 
with the Mediterranean diet in 
the Spanish population; to 
compare the current average diet 
with the Mediterranean Diet and 
the western diet 
Mediterranean; 
Western 
Mediterranean diet reduced emissions by 













to compare the GHG emissions 
attributable to the current Danish 







Dietary guidelines were found to reduce 
emissions by 8%; while the organic 














to model the emissions impact of 
three different diet scenarios, all 
involving lesser meat intake as 




Meat Replacement conferred 3-19% 
emissions reductions; 50% reduction in 
meat and dairy replaced by fruit, 
vegetables and cereals conferred 19% 
reduction in GHG emissions; 75% 
reduction in cow and sheep meat replaced 
by pigs and poultry conferred 9% 
reduction; 50% reduction in pigs and 
poultry replaced with fruit, vegetables and 


































to estimate diet-related GHG 
emissions differences between 
EPIC-Oxford meat-eaters, fish-
eaters, vegetarians and vegans 




Diet-related GHG emissions among 
vegans are ~50% reduced as compared to 
meat-eaters. high meat-eaters (>=100 g/d) 
= 7.19 kgCO2e/day, low meat eaters (<50 
g/d) = 4.67, fish-eaters = 3.91, vegetarians 












to investigate how dietary 
scenarios can minimise GHG 






diet-related footprints reduced by 5-28% 
with 'optimal diet'. Seven of eight 
scenarios found that reductions in meat 












to compare emissions associated 
with several diet patterns 





As compared with non-vegetarians, 
vegetarians displayed a 29% reduction in 














to examine the environment 
impacts of four diet scenarios in 
the year 2050 (i.e. a reference 
scenario based on projections 
from the FAO; a scenario 
assuming the uptake of healthy 
dietary guidelines; and two 
scenarios based on vegetarian 






The lowest climate footprint was 
associated with the Vegan diet (67% 
reduction), followed by the Vegetarian 













to measure impacts on GHG 
emissions, energy use, and water 
use by shifting current 
consumption to meet scenarios 





shifting current consumption to USDA 
recommended pattern (iso-calorically) 
increases GHG emissions by 11% 
Food Balance 
Sheets 
LCA varied Yes Yes 





to estimate the climate impacts of 






Meat Replacement conferred 7% 
emissions savings; Mediterranean offered 
6% emissions savings; Dietary Guidelines 
increased emissions by 2% as compared 















to examine differences between 
the environmental impacts of the 
European average diet and three 
other diets: dietary guidelines, 
reduced meat intake, and 





The lowest climate footprint was 
associated with the Vegan diet (40% 
reduction), followed by the Pescatarian 














to assess GHG emissions 
associated with both the 
Mediterranean Diet and the New 
Nordic Diet 
Mediterranean 
Diet; New Nordic 
Diet 
emissions associated with each modelled 
diet were similar overall: MD 23.56 kg 














to define sustainable, healthy, 
and culturally acceptable diets 







Present Dutch = 3.52 kgCO2e/day; 
Mediterranean = 3.24 (8% reduction); 
Dietary guidleines = 3.07 (13% 






































to explore alignment between 
healthy and sustainable diets and 
investigate potential for 






The lowest climate footprint was 
associated with the Vegan diet (35% 
reduction), followed by the Vegetarian 
diet (22% reduction), Mediterranean diet 
(17%); Dietary Guidelines (12%); and 





cradle to farm 
gate 
Yes No 





to quantify emissions associated 
with self-selected diets and 
model the climate impact of 
shifting consumption 
Meat Replacement 
A reduction in meat intake did not 
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 Discussion of Sustainable Diet Literature 3.6
In this section, results from both the data extraction process and critical appraisal are 
discussed. Study type, geographical context, and dietary scenarios modelled are 
reported on initially, followed by a summary of key findings. Results from the critical 
appraisal are then discussed, and key methodological strengths and limitations are 
drawn out.    
 Data Extraction 3.6.1
Thirty-seven individual dietary modelling studies and four systematic reviews were 
identified. The vast majority of dietary modelling studies were conducted in Europe 
(27), followed by North America (3), South America (2), Australasia (2), and Asia (1). 
All systematic reviews, along with two individual modelling studies, were international 
in scope (6). Table 3 provides a more detailed study breakdown by country of origin. 
Only one NZ-specific dietary modelling study involving GHG considerations has been 
conducted to date: in 2013, Wilson et al. (BODE³ research group) investigated, through 
the use of optimisation modelling, dietary patterns that are healthy, low-cost, and 
environmentally sustainable for New Zealanders.
36
  




United Kingdom (6), Netherlands (4), France (4), Sweden (3), Italy (2), 
Denmark (2), Austria (1), Finland (1), Germany (1), Greece (1), Spain (1), 
European Union (1) 
North America United States (2), United States/Canada (1) 
South America Brazil (2) 
Australasia Australia (1), New Zealand (1)  
Asia China (1) 
 
Across all studies, a range of dietary scenarios were modelled, including meat 
replacement, Mediterranean, low carbohydrate-high fat, pescatarian, vegetarian, vegan, 
as well as those that conformed to ‗healthy‘ guidelines and dietary guidelines (i.e. 
national government-endorsed recommendations). Considering the climate impact of 
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modelled scenarios, a median emissions savings of 8% was found to be achievable by 
shifting average consumption to meet dietary guidelines in various parts of the world; 
following a Mediterranean eating pattern was also found to confer median emissions 
savings of 8%. Adhering to ‗healthy‘ guidelines offered median savings of 17% as 
compared to average consumption, while scenarios that involved meat replacement 
provided emissions reductions of between 1% and 70% (median savings of 23%) 
depending on the extent to which meat was replaced, as well as what it was replaced 
with. Pescatarian and vegetarian eating patterns conferred average diet-related 
emissions savings of 24% and 29%, respectively, while following a vegan eating 
pattern offered the greatest median reduction, at 50%. The climate impacts of dietary 
scenarios included within this review are summarised in Table 4.     
It should be noted that not all studies found that modelled scenarios conferred diet-
related emissions savings, as compared with average consumption: Tom et al. found 
that shifting current US consumption to meet a scenario based on the 2010 United 
States Department of Agriculture (USDA) dietary guidelines increased diet-related 
GHG emissions by 11%.
160
 Similarly, van Dooren et al. found that conforming to the 
Nordic Nutrition Recommendations (NNR) increased average diet-related emissions in 
the Netherlands by 9%
164
; while Roos et al. found that adhering to a low carbohydrate-
high fat (LCHF) diet (typically high in emissions-intensive animal products) increased 
average diet-related emissions in Sweden by 21%.
153
  
Table 4: Dietary Scenarios Modelled and Associated Climate Impacts 
 
Dietary Scenario  
(# of studies) 
Climate Impact  
median % change in diet-related emissions as compared to 
average consumption (range) 
Low Carbohydrate-High Fat (1) +21% 
Dietary Guidelines (12) -8% (+11% to -37%) 
Mediterranean (5) -8% (-6% to -72%) 
Healthy Guidelines (10) -17% (+9% to -38%) 
Meat Replacement (14) -23% (-1% to -70%) 
Pescatarian (3) -24% (-23% to -45%) 
Vegetarian (10) -29% (-15% to -58%) 




The climate impacts of different dietary scenarios identified within this review (as 
described in Table 4) align closely with findings from four systematic reviews that have 
been conducted to date. In 2014, Hallstrom et al. conducted a systematic review 
including 14 studies and a total of 49 different dietary scenarios, and found that GHG 
savings could be achieved by reducing energy intake to recommended levels (0-10%), 
reducing meat consumption (-5-5%), or excluding ruminant meats (beef and lamb) 
from the diet (20-35%), while vegan diets (25-55%), followed by vegetarian diets (20-
35%), proved to be the most effective at reducing emissions (as well as land-use 
demands). The authors concluded that population-wide eating pattern changes could 
contribute significantly to climate change mitigation efforts: agricultural emissions and 
land-use requirements could be reduced by as much as 50%.
90
 A second systematic 
review published in 2014, which included 21 dietary modelling studies, drew similar 




In 2016, Aleksandrowicz et al., given the recent proliferation of environmentally 
focussed dietary modelling studies, set out to expand upon these initial systematic 
reviews.
130
 The group performed a large review of studies assessing the sustainability 
of different dietary patterns according to their impact on GHG emissions, land use, and 
water use. 63 publications (47 of which included consideration of climate change 
impacts) were included in the analysis and dietary scenarios were allocated to one of 14 
common sustainable dietary patterns identified in the review: vegan, vegetarian, 
pescatarian, Mediterranean, ‗healthy‘, energy-reduced, and diets with varying degrees 
of reduced ruminant meat intake, reduced meat intake in general, and reduced dairy 
product intake. Among all dietary scenarios, the vegan category ranked best for 
reducing diet-related GHG emissions: offering a 45% median reduction, as compared to 
the current average diet.  Reductions were, in fact, observed across all sustainable 
dietary scenarios: vegetarian (32% median reduction), pescatarian (27%), meat 
replacement (6 scenario categories, 2-33%), ‗healthy‘ guidelines (12%), Mediterranean 
(10%), and energy-reduced (6%).  
Aleksandrowicz et al. also conducted a small analysis of the health impacts of each 
sustainable diet category. All reviewed studies that included health considerations (7 of 
63) showed reduced risk of either all-cause mortality or mortality from heart disease, 
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diabetes, and colorectal cancer. The vegan category revealed the most significant 
reduction in all-cause mortality: 19.2% as compared to the current average diet, 
although this was informed by only a single study.
154
 The study concluded that animal-
based food intake tends to be proportional to both environmental impact and all-cause 
mortality risk. According to the reviewers, future policies should be focussed on 
limiting intake of animal-based foods in developed countries with current high rates of 
consumption. This suggestion seems pertinent given that a recent publication in the 
journal Nature calculated that per capita demand for beef, lamb, pork, poultry and 




Nelson et al.‘s systematic review, which produced an updated version of the US Dietary 
Guidelines Advisory Committee‘s (DGAC) 2015 review on sustainable diets (used to 
inform the 2015 Dietary Guidelines for Americans), was also published in 2016.
131
 The 
original DGAC review included 15 dietary modelling studies published in the decade 
preceding 2014.
121
 Eight new studies, published between 2014 and 2015, have since 
been added: clearly underlining the rapid expansion of this field and the ever-increasing 
attention it is receiving. The additional eight studies all fall in line with conclusions 
drawn from the original review: animal-based food consumption, as compared to the 
consumption of plant-based foods, is associated with larger GHG outputs, as well as 
greater water, land, and energy requirements. All of the included studies illustrate that 
an eating pattern characterised by a higher proportion of plant-based foods (legumes, 
whole grains, vegetables, fruits, nuts, and seeds) is beneficial for both population and 
environmental health.  
The authors conclude that these new findings increase the weight of the evidence and 
that changes to those conclusions drawn from the original review are not required. As 
previously discussed in section 2.5, sustainability considerations were not included 
within the 2015-2020 Dietary Guidelines for Americans, despite recommendations 
from the advisory committee to do so. Some of those same committee members, in this 
updated review, describe their expectations for the continued accumulation of research 
in order to inform the next revision of the dietary guidelines in 2020.  
Four individual dietary modelling studies included within our literature review, which 
were published in 2016 or 2017, do not appear in any of the systematic reviews 
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discussed above. These are therefore described in further detail. De Carvalho et al. 
estimated the environmental impact of beef intake and found that emissions could be 
reduced by 31% if Brazilians reduced their intake of beef to 43 grams per day, which is 
in line with the World Cancer Research Fund (WCRF) recommendation.
139
 Song et al. 
investigated the climate impact of eight ‗healthy‘ dietary scenarios that met the Chinese 
dietary reference intakes and found that emissions savings of 5-28% could be achieved, 
as compared to the average diet.
158
 Ulaszewska et al. compared the new Nordic 
Nutrition Recommendations with a Mediterranean diet and concluded that emissions 
associated with each modelled diet were similar overall.
163
 Van Dooren et al. used 
linear programming to define healthy, sustainable, and culturally acceptable diets and 
found that following the Dutch Dietary Guidelines reduced current diet-related 
emissions by 13%. A Mediterranean diet conferred emissions savings of 8%, while a 




In 2013, researchers from the Burden of Disease Epidemiology, Equity and Cost-
Effectiveness (BODE³) Programme published the only NZ-specific dietary modelling 
study involving GHG considerations to date. 
168
 Wilson et al. performed optimisation 
modelling of 16 hypothetical eating patterns according to healthfulness, cost, and 
environmental sustainability, and found that all eating patterns studied were both less 
expensive and GHG-intensive than the average NZ diet.
e
 Furthermore, all modelled 
diets conferred probable health benefits, including reduced risk of cardiovascular 
disease and cancer. The authors conclude that such findings could be used to inform 




 Critical Appraisal 3.6.2
Results from the critical appraisal, as they relate to each methodological aspect 
evaluated, are discussed in the following sections. 
                                                 
e
 Wilson et al. compared the health, cost, and climate impacts of each scenario with a ‗best estimate‘ of 
the average NZ diet (for males). In estimating average diet-related emissions, a single meal was designed 




 Sources of Consumption Data 3.6.2.1
Consumption data for use within dietary modelling was most often sourced from 
dietary intake surveys (26 of 41 studies). Eight studies utilised data from food balance 
sheets (i.e. the researchers assumed that domestic food supply-level data was 
representative of population-level consumption); while five studies used a mixed 
approach (i.e. both dietary intake surveys and food balance sheets). In designing 
hypothetical diets, two studies, including Wilson et al., did not make use of real-world 
consumption data.  
Dietary intake surveys focus on the assessment of individual dietary habits, whereas 
food balance sheets provide information regarding domestic per capita food supply: the 
former may underestimate intakes as a result of under-reporting, while the latter may 
overestimate individual-level consumption.
130
 It is generally accepted that dietary 
surveys provide a more accurate estimation of current average consumption patterns.
169
 
So-called ‗hypothetical‘ diets, as modelled by Wilson et al., rely on theoretical, 
synthesised data rather than on existing consumption data. While this method allows for 
the investigation of any and all potential eating patterns, such an approach risks not 
being truly reflective of real-world dietary habits.
90
  
 Sources of Emissions Data 3.6.2.2
In consensus with a conclusion drawn from a 2016 systematic review,
170
 the vast 
majority (35) of individual dietary studies included in the present review utilised 
emissions data based on life-cycle assessment methodology. Four studies used a so-
called hybrid method (i.e. a combination of LCA and input-output approach, while the 
remaining two studies used emissions data derived exclusively from input-output 
analysis). 
Life-Cycle Assessment, which will be further discussed in the following chapter 
(section 4.2), is considered to be the gold-standard approach for estimating GHG 
emissions associated with individual food items.
171
 Though it may underestimate 
individual food item emissions (i.e. from truncation error),
132
 LCA is well suited to 
product-level analysis. Conversely, input-output analysis, which uses aggregate data 






In modelling the climate impacts of hypothetical diets in NZ, Wilson et al. utilised an 
LCA approach. Given that a NZ-specific database of food emissions did not yet exist, 
the assumption was made that UK data were equivalent to NZ data. Emissions 
estimates for individual food items consumed in NZ were obtained from Berners-Lee et 
al.
61
, and two NZ data sources were used to scale UK emissions estimates.
70,127
 Firstly, 
Saunders et al. emissions estimates for apples, onions, lamb, and milk were used to 
scale estimates from the selected UK LCA database: for instance, apple production in 
NZ, according to Saunders et al., is associated with 32% fewer emissions than in the 
UK; the Berners-Lee LCA for apples was scaled accordingly (i.e. reduced by 32%) to 
produce a NZ-specific estimate.
129
 Secondly, as the Saunders et al. report estimates for 
lamb and milk production only considered CO2 emissions, Wilson et al. used data 
available from the NZ Ministry for the Environment (MFE) GHG inventory to account 
for methane emissions as well.
70
 Lamb data were extrapolated in order to estimate 
emissions associated with NZ beef production. The lack of NZ-specific emissions data 
is considered to be a key limitation of the Wilson et al. publication.
168
 
 Energy Compensation 3.6.2.3
Thirty dietary modelling studies compensated for energy losses associated with dietary 
change scenarios, while 11 studies did not. In an attempt to improve study quality, one 
of four systematic reviews excluded individual studies that did not perform energy 
compensation calculations from its analysis, while three did not discriminate between 
studies that did and did not compensate for energy losses.  
Wilson et al. dietary scenarios were designed to meet recommended daily energy 
levels: the majority of modelled scenarios were standardised to 11,450 kJ, although 
there was some variation around this target (11,450-12,879 kJ). It should be 
acknowledged that, if dietary scenarios do not compensate for energy losses, the 




 Uncertainty Analysis 3.6.2.4
Uncertainty analyses enable better assessment of emissions estimate reliability.
90
 This 
review found that one third of studies (14), including Wilson et al.‘s publication, 
reported on uncertainty regarding the emissions-lowering potential of modelled dietary 
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scenarios; notably, 11 of these studies were published after a shortage of uncertainty 
analyses among dietary modelling studies was identified, in 2014, by Hallstrom et al.
90
 
The remaining two thirds of studies (27) did not provide uncertainty estimates. 
 General Discussion 3.6.3
To date, only a single sustainable modelling study has been conducted in NZ: clearly 
underlining the need for further such studies. In 2013, Wilson et al. investigated dietary 
scenarios that were healthy, sustainable, and cost-effective. Sixteen dietary scenarios, 
which met nutrient and energy requirements, were modelled: all were found to reduce 
diet-related emissions as compared to a proxy NZ diet. Although based in NZ, Wilson 
et al.‘s study relied on hypothetical scenarios (as opposed to real-world intake data) and 
utilised food emissions data specific to the UK; these are considered to be key 
limitations of their study.  
This review has identified a clear gap in the NZ sustainable diet literature, and has 
examined important methodological considerations for filling such a gap. There are no 
previous studies that have quantified average diet-related emissions in NZ using dietary 
survey-based consumption data and LCA-based emissions data. Furthermore, the 
climate impacts of different dietary scenarios that conform to the NZ Eating and 
Activity Guidelines have not been modelled previously. Reflecting on the existing 
international literature, it is clear that utilising consumption data from dietary intake 
surveys (such as the NZ ANS) and emissions data from LCA-based methods, is 
important for increasing study quality, as is the inclusion of energy compensation 
calculations and uncertainty analysis. These methodological aspects are to be included, 
to the extent possible, within our approach.  
Considering the Wilson et al. publication specifically, it is clear that a lack of NZ-
specific emissions data has been a research barrier in the past. In attempt to address this 
limitation, our project aims to compile a database of food emissions, which aligns with 
both the NZ ANS and the BODE
3
 diet model, and is as specific to the NZ context as 
possible. This emissions database will be combined with ANS consumption data to 
quantify average diet-related emissions, and the climate impacts of conforming to the 
NZ EAGs will then be modelled.  
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 Chapter Summary 3.7
This chapter has constituted a comprehensive review of the existing sustainable dietary 
modelling literature. A systematic approach was undertaken: inclusive search terms 
were employed and identified studies were assessed for eligibility according to pre-
determined exclusion criteria. Forty-one individual studies were included within the 
review and methodological aspects indicative of study quality were critically appraised. 
Conforming to dietary guidelines in different parts of the world was found to confer 
modest GHG savings (median reduction of 8%), as compared to average consumption 
habits; while dietary patterns that restricted intake of animal foods and emphasised 
plant food consumption (i.e. Mediterranean, meat replacement, pescatarian, vegetarian, 
and vegan) were considerably more effective at reducing diet-related GHG emissions 
(median reductions of 8-50%). These findings are consistent with those reported in 
existing systematic reviews that have focused on sustainable eating patterns.
90,113,130,131
 
The methods used to achieve our aims, which were informed by this review, are 






 Chapter Overview 4.1
This chapter provides a detailed account of the methods used to model the climate 
impacts of meeting the NZ Eating & Activity Guidelines (EAGs). Sourcing emissions 
data that were both specific to the NZ context and based on Life-Cycle Assessment 
(LCA) methodology was considered to be a key priority. Given that the only NZ-
specific dietary modelling study conducted to date
36
 highlighted a shortage of NZ-
specific LCA emissions estimates, we first set out to develop a NZ-specific LCA 
database of foods and their associated life-cycle emissions. A clear directive for 
developing such a database in the context of limited country-specific LCA studies was 
not identified within our literature review. Given that conducting an LCA for an 
individual food item is known to require considerable time, effort, and expertise, the 
decision was made to select a reference database from abroad, so as to provide baseline 
emissions estimates for those food items for which there was no extant NZ-specific 
LCA study. Emissions estimates within the reference database were modified according 
to the NZ context, where required, with efforts concentrated on the farming and 




Our NZ-specific LCA database was combined with dietary survey-based consumption 
data from the most recent NZ Adult Nutrition Survey (ANS) so as to quantify 
emissions associated with the average NZ adult‘s diet. A number of dietary scenarios, 
all of which conformed to the NZ Eating and Activity Guidelines (EAGs), were then 
developed, and the climate impacts of shifting current consumption to meet these 
scenarios were modelled. This modelling process included a strategy for compensating 
                                                 
f
 A publication by the NZ Ministry of Agriculture and Forestry, which compiles a NZ-specific LCA 
database of building materials by ‗combining, updating and extending overseas data and New Zealand 
information,‘ provides some, albeit limited, precedent for such an approach. The aims of the report are 
very similar, in many respects, to those of this project: an internationally respected database was selected 
as a point of reference; focus was given to production phases with large environmental impact; and NZ 





for energy losses associated with dietary change, as well as an uncertainty analysis to 
facilitate better assessment of the reliability of our results.  
 An Introduction to Life-Cycle Assessment 4.2
Increasing concern surrounding the relationship between current production and 
consumption patterns and the critical state of the environment has led to the 
development of various techniques to quantify these impacts.
173
 These techniques, 
which attempt to capture all emissions associated with a given product, process, or 
system, are divided into two overarching categories: top-down and bottom-up.
132
 Top-
down methods, such as those used within environmental input-output analysis, take an 
economy-level approach, applying national or sector-level aggregate data in order to 
estimate emissions. In contrast, bottom-up methods, such as the process-based Life-
Cycle Assessment (LCA), take a much more precise, product-level approach, 
considering, in turn, the emissions associated with each individual life-cycle stage.
132
 
Consequently, top-down methods, as compared with bottom-up, tend to be effective in 
the carbon accounting of large entities (e.g. businesses, sectors, and countries) but are 
rather unsuited to studying individual products.
132
 It is not surprising, then, that the 
LCA approach is considered to be the most accurate method for estimating the 
environmental impact of any given food product.
133
 As highlighted in the literature 
review (section 3.6.2.2), the majority of dietary modelling studies assessing the climate 
impacts of different eating patterns utilise LCA-based emissions data.  
The LCA approach was first standardised in 1997 by The International Organisation for 
Standardization (ISO): a step that was considered to be crucial in achieving both 
consistency of method as well as international acceptance.
174
 The most recent ISO 
report, which sets out the framework for conducting an LCA, describes how the entire 
life-cycle of a product (including all production processes and associated land-use 
changes, as well as transport, packaging, storage, refrigeration, wastage and disposal) 
should be considered.
173
 All lifecycle stages must be assessed in relation to a 
predetermined functional unit, which specifically defines what the study will measure 





In conforming with specified standards, LCAs must involve four research phases, 
including: definition of study objectives and scope; collection and compilation of all 
input and output data relevant to the system in question; assessment of the product‘s 
impact on relevant environmental factors; and interpretation of outcomes, including 
discussion of potential policy or mitigation options.
173,175
 Such a systematic analysis 
may help to identify previously unrecognised burdens, or shed light upon the extent of 
suspected burdens, within the production system; similarly, it may reveal the relatively 
small environmental impact of certain products or production methods.
174
 Such 
information is crucial for assessing the relationship between population-level 
consumption habits and environmental impacts, allowing conclusions to be drawn 
about which dietary patterns are particularly burdensome, while pointing toward 
alternatives that are more environmentally friendly.
173
 
Despite a general consensus that LCA is the best approach for assessing the climate 
change impacts of individual food products, as a methodology, it is not without its 
limitations. Most apparent is the fact that LCAs are inherently difficult to conduct.
132,133
  
This is a natural result of attempting to precisely quantify each consecutive process 
within highly intricate production systems. In the case of beef production, for example, 
considerations might include: methane emissions from enteric fermentation and 
manure; N2O emissions from manure, soil, run-off, and leaching; CO2 emissions from 
the production and transportation of fertilisers, agrichemicals, and feed-crops; CO2 
emissions from the burning of fossil fuels during on-farm processes such as cropping, 
feeding livestock, and operating machinery; CO2 emissions associated with the 
extraction, refinement, and transportation of those fuels; and CO2 emissions associated 
with land-use change (i.e. as a result of deforestation, feed-crop production, or the cost 
of not reforesting land used for cattle rearing).
176-178
 Post farm-gate, other factors also 
need to be accounted for, including, but not limited to: transportation of the product to 
the processing plant, and from the processing plant to the regional distribution centre 
(RDC), whether domestic or overseas; transportation from the RDC to various 
supermarkets and, finally, from various supermarkets to individual households. 
Emissions from staff transportation at every stage should also be calculated, as well as 
emissions embedded in both transit and consumer packaging. Furthermore, 
consideration should be given to emissions arising from refrigeration of products while 
in transit, and while sitting in warehouses and households (including both energy 
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consumed and leakage of refrigerant gases). Emissions from electricity usage during 
any and all operations should also be considered. Lastly, the impacts of household 
cooking, waste disposal, and recycling might also be included.
179
 This is by no means 
an all-encompassing list of lifecycle stages for consideration, and others may certainly 
be incorporated within LCA studies. 
While such an extensive ‗cradle-to-grave‘ approach would certainly be ideal in terms of 
providing a complete picture of a product‘s impact on a given environmental marker, it 
is rarely feasible: this is typically the result of insufficient data being available across 
all life cycle stages.
133
 An important step for researchers, then, is to define the system 
boundaries of their study, and to conform to the standardised LCA approach within that 
particular scope.
133
 Commonly applied system boundaries include ‗cradle-to-farm-gate‘ 
(i.e. acquisition of raw materials up until the product is ready to leave the farm) or 
‗cradle-to-regional-distribution-centre‘ (i.e. acquisition of raw materials up until the 
point at which the product reaches wholesale market). Figure 4 is taken from a 
systematic review of LCAs and illustrates an example of a ‗cradle-to-RDC‘ system 
boundary, while presenting those lifecycle stages that have not been included within 
calculations.
83
 Even with such system boundaries in place, conducting a single LCA 
demands significant legwork; the process is time-consuming and expensive and is 




Figure 4: System Boundary Example, Farm-to-RDC, from Clune et al., 2017 
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As with all scientific measurements, those undertaken within an LCA are not exempt 
from uncertainties. According to Williams and Pell et al., there is substantial variation 
in the degree of uncertainty between various processes considered within an LCA.
180
 
Emissions estimates that pose particular difficulties in terms of quantification include: 
N2O from soil nitrogen turnover; methane associated with enteric fermentation; land-
use change emissions; and emissions associated with household consumption, including 
those originating from food waste and cooking-related activities.
149,175,180
 
As researchers attempt to catalogue emissions within their defined study perimeter as 
thoroughly as possible, certain processes will inevitably be omitted. This may occur, for 
example, as a result of insufficient data or simply because certain steps are 
unmanageable.
149
 This phenomenon, referred to as truncation error, is considered to be 
the principle limitation of LCAs, and results from their ‗bottom-up‘ nature, which treats 
the entire production and consumption system as a finite sequence of individual 
processes.
149
 Understandably, then, LCAs typically underestimate the total 
environmental burden of a given product.
149
  
Nevertheless, it is important to recognise that LCAs have been established as the gold 
standard approach, offering a current best estimate of life-cycle-related emissions for 
any given food commodity.
171
 Since the agricultural sector is among the principle 
drivers of climate change and environmental degradation, it is essential that food-
related emissions are fully understood and accurately quantified.
181
 Transitioning 
toward more sustainable consumption patterns at the population level demands 
increased recognition and uptake of LCA principles and methodology, in order to 




 An Introduction to the LCA Database 4.3
An LCA database is a compilation of individual LCAs that covers a wide range of food 
items.
133
 Database assembly is considered to be an essential step in facilitating 
comparison between the climate impacts of individual food items, and of various 
dietary patterns overall.
182,183
 Since individual LCAs are both expensive and time 
consuming to conduct, it is simply not possible for researchers to build a database by 
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estimating the life-cycle emissions associated with each and every food item. As a 
result, databases are compiled by selecting individual LCAs from within the published 
literature. This selection process can be undertaken in different ways: some databases 
review the international literature and use mean estimates from large numbers of LCA 
studies,
83,88,184
 while others handpick individual LCA studies that are specific to a 
particular region or context.
61,91,185,186
 When a database is tailored to a specific region, 
as is the case with the latter approach, emissions estimates can be more confidently 




The compilation of an LCA database often requires researchers to perform further 
adjustments in order to increase both geographic and temporal relevance, as well as 
overall homogeneity of their selected studies. Examples of such adjustments include the 
use of input-output data in order to update findings according to current consumption 
patterns,
91
 or the application, among all individual LCAs, of a common system 
boundary: for instance, by removing all production considerations post-farm-gate.
83
 
Furthermore, some databases modify LCA values by calculating their own emissions 
estimates for downstream (i.e. post farm-gate) life-cycle stages, such as transportation, 
packaging, refrigeration, and supermarket overheads.
61,185
 These calculations take 
advantage of so-called ‗emissions factors‘, which are measures of the average quantity 
of GHGs released from a given source per unit of activity.
187
 For instance, in 
calculating emissions associated with food packaging, emissions factors for the 
production of one kilogram of each material (i.e. plastic, glass, cardboard) are 
combined with the amounts of those constituent materials used within each food item‘s 
supermarket packaging. Similarly, in the case of estimating emissions associated with 
food transport, emissions factors per kilometre (specific to each mode of transport) are 
combined with the overall distance that each food item is required to travel.
61,185
 
When calculating the climate impact of a specific diet using real world consumption 
data, it is necessary to include an emissions estimate for every food item that is 
included within that data. In many cases, however, and particularly when attempting to 
compile an LCA database specific to a particular context, LCAs for certain food items 
are simply unavailable.
186
 In these situations, researchers typically use emissions 
estimates from similar food items as proxy values: Audsley et al., for instance, used 
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pineapple data for bananas and barley data for oats.
186
 A similar strategy is often 
employed for composite food items (i.e. those that are made up of multiple ingredients), 
whereby emissions are estimated by combining the individual LCA values of 
constituent ingredients in their relative proportions, according to a standard 
recipe.
61,91,185
 Alternatively, for certain products (e.g. cheese, cream, dried fruit, fruit 
juices, soya milks, etc.) proxy LCA values are calculated by applying adjustment 
factors that account for density differences (e.g. 1 kilogram of soy beans can be used to 
produce 10 kilogram of soya milk, therefore the ‗farming and processing‘ production 
emissions for soya milk are approximately one tenth of those associated with the 
production of soy beans).
61,91,185
 
Like individual LCA studies, databases must set system boundaries, which describe 
their scope, and must also define a specific functional unit. Many LCA databases take a 
cradle-to-farm-gate approach, with varying definitions of where ‗cradle‘ begins: Tilman 
and Clark, for instance, include pre-farm emissions associated with fertiliser and feed 
production,
88
 while Audsley et al. go one step further, including emissions associated 
with land-use change (i.e. clearing forest to create farmland in the first place).
186
 Other 
databases extend their scope in the opposite direction, including consideration of post-
farm-gate emissions up until the Regional Distribution Centre (RDC) (e.g. transport, 
packaging, refrigeration, and storage). Tilman and Clark, who exclude post farm-gate 
emissions from their database on the basis of there being insufficient data, discuss the 
potential impact of having done so on overall emissions estimates. They conclude that, 
had post-farm-gate emissions been included within their analysis, their estimate of the 
global food system‘s climate impact in the year 2050 would have been 20% higher.
88
  
With regard to setting a functional unit, as with individual LCAs in general, the 
majority of LCA databases choose to focus on GHG emissions per kilogram of 
produce, where emissions are measured on a 100-year time horizon. As an exception, 
Tilman and Clark‘s database used three different units: emissions per kilocalorie, 
serving, and gram of protein.
88
 The authors argue that foods have different 
compositions and thus require different units to provide a more realistic view of their 
environmental impacts. Vegetables, for instance, while rich in micronutrients, 
antioxidants, and fibre, are not typically eaten for their protein or caloric content. It 
would, therefore, be irrelevant, for example, to compare the emissions associated with 
46 
 
vegetables with those associated with protein-rich animal products on a per gram of 
protein basis. When compared per serving, however, it is revealed that there are fewer 
embodied emissions in 20 servings of vegetables than in a single serving of beef.
88
 The 
study‘s results are in line with the general consensus that plant-based foods are less 
GHG intensive overall than animal-based foods, and highlights how this difference can 
be very substantial: per gram of protein, beef and lamb are associated with 
approximately 250 times more emissions as compared to legumes (a plant food that is 
known to be protein-rich).
88
 
 Selecting a Reference LCA Database 4.4
An essential first step of this project was to select a reference LCA database upon 
which to base NZ-specific emissions estimates. Seven LCA databases, which were 
excluded from our analysis of dietary modelling studies, were identified during the 
literature review (refer to exclusion criterion 5 in Figure 3). These databases were 
ranked according to select essential and non-essential criteria (Table 5). 
A number of criteria are based on the LCA principles outlined in the most recent ISO 
LCA standard (i.e. functional unit, system boundary breadth, transparency in 
methods),
174
 while others were developed with specific consideration of this project‘s 
requirements and with the aid of expert advice
g
. Criteria, which are summarised in the 
table below, are described in more detail in the following sections. 
 
Table 5: Criteria for Selecting Reference LCA Database 
Essential Criteria 
Functional Unit 
LCA Breakdown by Lifecycle Stage 
Non-essential Criteria 
System Boundary Breadth 
Number and Diversity of Food Items 
Comparability to NZ Context 
Transparency in Methods 
Consistency of Methods 
Publication Date 
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 Functional Unit 4.4.1
Setting a functional unit required determining how both food products and GHG 
emissions would be measured. Different units are known to have different advantages: 
measuring emissions per calorie, per gram protein, and per serving provides 
information relating emissions to energy density, nutrient density, and realistic amount 
consumed, respectively.
88
 For the purposes of this project, given that our intended aim 
is to combine emissions estimates with amounts of foods typically consumed in NZ 
according to the ANS), it was clear that emissions needed to be measured per kilogram 
of food product. Not only is this the most commonly applied unit within the LCA 
literature,
61,83,91,184-186
 it can also be easily converted to many of the other units through 
the use of food composition data.
88
 
Another important component of the decision-making process when setting a functional 
unit relates to how GHG emissions are to be measured. As a result of GHGs having 
different atmospheric lifetimes, their Global Warming Potentials (GWPs) (previously 
introduced as a concept in section 2.3) change according to the time horizon 
considered: while one gas might cause considerably more warming than another, it 
might do so over a relatively short time period. On a 100-year time horizon, the GWP 
of methane, for example, is 28 times that of CO2; while on 20-year time horizon, its 
GWP leaps to 84 times that of CO2.
48
 A 100-year time horizon, therefore, is known to 
underestimate the significant role that methane reductions (by way of decreased 
consumption of ruminant meats in particular) could play in mitigating climate change 
in the near future. This concept is becoming increasingly important in discussions on 
climate change mitigation. 
A report published by Worldwatch Institute has examined potential undercounting and 
misallocation of livestock-related emissions within the FAO‘s landmark report, 
Livestock‘s Long Shadow,
62
 which calculated that livestock are responsible for 12% of 
global emissions. The authors estimate that livestock‘s contribution to annual global 
GHG emissions could be as high as 51%, and that 20% of this increase (i.e. from 12% 
to 51%) is simply due to the application of a 20-year, as opposed to a 100-year, time 
horizon.
67
 It is also important to note that the Worldwatch Institute publication applies 
GWP values from the IPCC‘s Fourth Assessment Report, which have since increased. 
As Table 6 demonstrates, the established GWPs for methane have been underestimated 
48 
 
in the past; the majority of LCAs conducted prior to the publication of IPCC‘s most 
recent report are, therefore, likely to underestimate the relative contribution of methane 
emissions. 
Table 6: IPCC Global Warming Potentials of Methane 
 Global Warming Potential (GWP) of Methane 
 20-Year Time Horizon 100-Year Time Horizon 
IPCC 5
th
 Assessment Report 
48
  




 Assessment Report 
48
 84 28 
IPCC 4
th
 Assessment Report 
188
 72 25 
IPCC 3
rd
 Assessment Report 
189
 62 23 
IPCC 2
nd
 Assessment Report 
190
 56 21 
 
The IPCC itself, in its fifth assessment report, points out that „(t)here is no scientific 
argument for selecting 100 years compared with other choices. The choice of time 
horizon is a value judgement because it depends on the relative weight assigned to 
effects at different times.‟
191
 Given the current urgency of the climate change issue, a 
20-year time horizon is arguably a more relevant timeframe to use within GWP 
calculations.  
Since a 100-year time horizon is generally accepted as the standard measure,
48
 and that 
almost all individual LCA studies and databases identified in the literature review 
conformed to this standard, it was decided that GWPs of each component gas would be 
measured on this horizon. Nevertheless, in order to provide a comparison of the relative 
impacts of using a shorter time horizon, a downstream component of this project was to 
convert emissions estimates for some foods within our NZ-specific LCA database from 
a 100-year to a 20-year time horizon. This is described in further detail in Section 4.8. 
In summary, it was considered essential that our reference database had a functional 
unit set as kilograms of CO2e per unit mass of product (kgCO2ekg
-1
 product), with the 
GWP of each component gas measured on a 100-year time horizon. Potential reference 
databases using different functional units were ruled out of the selection process. 
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 LCA Breakdown by Lifecycle Stage 4.4.2
In order to consider and account for NZ-specific differences in food emissions, it was 
necessary to select a reference database that provided a breakdown of each LCA by 
lifecycle stage (e.g. farming and processing, transportation, refrigeration, packaging, 
etc.). Without this information, relative contributions to each LCA‘s emissions estimate 
could not have been adjusted: any modification could only have been based on a single 
crude production figure. A breakdown of LCAs by relative contribution also provided 
guidance on where to focus our efforts (i.e. which components contributed the most to 
total emissions).  
 System Boundary Breadth 4.4.3
LCAs, by definition, attempt to quantify emissions associated with the entire life cycle 
of a product.
173
 For food items, this could extend from the earliest stages of production 
through to final disposal. As previously described in section 4.2, due to a lack of 
available data this is not always possible. Broader system boundaries are more inclusive 
and are more likely to fully capture the climate change impact of various food groups. 
In this case, LCA databases with system boundaries that considered a wider range of 
production phases were given priority. Ideally, the reference database‘s system 
boundaries would extend to the point of sale, including emissions from on-farm 
production, processing, packaging, transportation, and refrigeration.  
 Number and Diversity of Food Items 4.4.4
LCA databases that include a greater number of food items (e.g. >50) were given 
priority. Such databases were more likely to provide a range of foods that reflected 
those 341 included within the NZ ANS (and BODE
3 
diet model), and would, therefore, 
allow for more representative matching of food groups and accurate dietary modelling. 
 Relevant to a Specific Context 4.4.5
Specific production methods are typically associated with certain climatic, 
geographical, and societal contexts. Knowing where an LCA has been conducted 
facilitates direct comparison between production methods in that location and 
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production methods in NZ, allowing subsequent modifications to reference values to be 
made accordingly. While LCA databases that are based on large international 
systematic reviews are likely to provide a more accurate picture of LCA estimates than 
other databases, they are not specific to any single context. This makes it difficult to 
draw comparisons regarding NZ-specific differences or similarities. Selection of a 
reference database, therefore, that was specific to a particular geographical context was 
considered important for this project. 
 Transparency in Methods 4.4.6
Transparency is considered to be a key principle of LCA. Although assessing the 
environmental impact of food production is fairly complicated, transparent and easily 
accessible methodology allows findings to be interpreted accurately so that other 
researchers may build upon or reproduce results: in this case, to facilitate accurate 
scaling of LCA data to the NZ context. With the assistance of expert advice
h
, LCA 
databases were ranked low, medium, or high, according to their degree of transparency.  
 Consistency of Methods 4.4.7
LCA databases are, by nature, compilations of individual LCAs that have been 
conducted by different research groups at different points in time. While the ISO 
guidelines aim to standardise LCA methodology, variation in study design, including 
system boundary breadth and degree of detail, is inevitable. Some LCA databases 
attempt to minimise such variation by either removing estimates from, or excluding 
studies with, lifecycle stages beyond the farm gate (i.e. confined to the on-farm stage 
only), and then recalculating downstream stages (such as transportation, refrigeration, 
and packaging) for all included LCAs according to a standard method. With greater 
homogeneity between their constituent LCAs, such databases allow modification of 
estimates to be performed with greater ease and confidence; these databases were 
ranked highly. LCA databases that homogenised constituent LCAs to a particular 
system boundary, but did not recalculate downstream stages were assigned a ‗medium‘ 
score; while databases that did not set a specific system boundary were ranked ‗low‘. 
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 Publication date 4.4.8
It is widely acknowledged that the LCA field has undergone significant development in 
recent years.
192
 Caution is advised when comparing older LCAs with newer ones, as the 
standardised methodology has been refined over time.
192
 While more recent LCA 
databases were considered preferable, it should be noted that a later publication date 
does not guarantee that more recent individual LCA studies have been used within the 
database. 
 Uncertainty Reported 4.4.9
LCA estimates are known to be subject to considerable uncertainty, yet measures of 
uncertainty are rarely disclosed within both individual LCAs and LCA databases.
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According to McManus et al., this is an issue that needs addressing in order to „bolster 
credibility and reliability of the approach.‟
192
 It was, therefore, considered preferable to 
select a reference database that provided uncertainty ranges around each of its 
constituent emissions estimates; this would enable diet-level emissions estimates to be 
interpreted with greater confidence. 
 Matching Food Items 4.5
Once a reference LCA database had been selected, the next step was to align this 
database with the 341 food items that form the basis of both the most recent NZ ANS 
and the BODE
3
 diet model (as previously described in section 1.3.1). This was 
achieved by matching all 341 food items with equivalent food categories from the 
reference LCA database. In this way, a reference LCA value, or emissions estimate, 
could be assigned to each ANS food item. This process was essential for maintaining 
representativeness and involved direct consultation with the BODE
3
 research group. 
Where an ANS food item was best represented by more than one reference database 
food item, its LCA value was estimated by averaging values from those matched 
categories. In any instances where adequate alignment was not considered possible (i.e. 
where there was no equivalent item within the reference database), ANS food items 
were categorised as being either ‗unmatched raw‘ or ‗unmatched composite‘, 
depending on whether they were comprised of a single ingredient or of multiple 
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ingredients. ‗Unmatched raw‘ items were assigned an LCA value from a secondary 
source; while emissions estimates for ‗unmatched composite‘ items were estimated 
from recipes (discussed further in section 4.7).   
 Modifying Reference Values by Lifecycle Stage 4.6
In order to construct an LCA database that was as specific to NZ as possible, reference 
LCA values for all 341 ANS food items were then modified according to the NZ 
context. Given that a prerequisite of the selected reference database was to provide a 
breakdown of each LCA value by lifecycle stage (i.e. farming and processing, 
transportation, packaging, refrigeration, warehouse and distribution, supermarket 
overheads, etc.), this modification could be performed with respect to individual 
lifecycle stages. Efforts were concentrated on those stages with the largest contributions 
to overall emissions, as well as those where NZ‘s context was expected to differ most 
from the reference database. Methods for modifying reference values within each 
lifecycle stage are described in the following sections.  
 Farming and Processing Emissions 4.6.1
Given that the on-farm stage of production has consistently been identified as the 
principle contributor to overall food emissions,
61,183,193
 modifying farming and 
processing reference values according to the NZ context was considered to be a top 
priority. An important initial step was to find out where foods that are consumed in NZ 
are coming from. Food and Agriculture Organization of the United Nations (FAO) 
Food Balance Sheets were used to assess the quantity of each individual food item that 
is produced in NZ versus the quantity that is imported from abroad.
194
 Accordingly, 
ANS food items were categorised into one of three groups: ‗Produced (Minimally 
Imported)‘, ‗Imported (Minimally Produced)‘ and ‗Produced and Imported‘. The extent 
to which a given food item‘s farming and processing reference value was modified 
depended on the group it was allocated to.  
 Produced (Minimally Imported) Items 4.6.1.1
For domestically produced food items, NZ-specific emissions estimates, where 
available, were used to represent the farming and processing stage of production (i.e. 
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they replaced equivalent reference values). NZ-specific LCA studies were extracted 
from the international pool of 255 individual LCAs, all of which were originally 
excluded from our review of dietary modelling studies (refer to Criterion 4 within 
Figure 3). Given the tendency for such studies to be published outside of academic 
contexts, ensuring adequate coverage of the grey literature was considered to be a key 
priority: previously identified governmental and non-governmental websites (e.g. 
Ministry for the Environment, The New Zealand Life Cycle Management Centre, and 
AgResearch) were searched, and relevant material was identified. In order to ensure 
that all available NZ-specific studies had been identified, these efforts were 
supplemented by searches within Google.  
NZ-specific food LCAs identified during this process were first matched to ANS food 
items and then categorised according to publication year, type of publication, and 
system boundary. Where there was only a single NZ-specific emissions estimate 
available for a given food item, this estimate was used to replace that item‘s farming 
and processing reference value. Where there were multiple emissions estimates for a 
given food item, a decision was required as to which estimate to use. This process 
involved evaluating the quality of individual LCAs, as well as their representativeness 
at the national level. Expert opinion
i
 was sought in order to help guide decision making. 
Where no single LCA study stood out, an average of the available emissions estimates 
was used to represent the farming and processing component for that particular food 
item. Contributions from additional lifecycle stages (i.e. beyond the processing stage), 
if described as components of a selected emissions estimate, were removed from the 
estimate. By homogenising NZ-specific LCAs it was possible to directly substitute 
existing farming and processing reference values with NZ-specific estimates. In this 
way, double-counting of emissions associated with downstream lifecycle phases, such 
as transportation or packaging, was avoided. Results from this review of NZ-specific 
LCAs are summarised in section 5.4.1. 
In certain cases, NZ-specific emissions estimates were unavailable for ‗Produced 
(Minimally Imported)‘ food items. In these situations, either a proxy ‗farming and 
processing‘ emissions estimate was assigned to that food item based on an average of 
NZ-specific values from similar food items (in line with the approach taken by Audsley 
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 Berners-Lee et al.
61
 and Hoolohan et al.,
185
 as described in section 4.3), or, if 
no NZ-specific emissions estimates were considered to be representative of that food, 
the reference database value was used and assumed to be equivalent (in line with the 
approach taken by Wilson et al.,
168
 as described in section 3.6.2.2). 
As a specific exception to the above, when NZ-specific emissions estimates were 
unavailable for dairy products (i.e. yoghurt, cream, cheese, ice cream, etc.), proxy 
values were calculated by scaling the NZ-specific emissions estimate for milk in order 
to account for density differences. These so-called ‗mass balance‘ considerations, 
which were briefly described in section 4.3, have been used within a handful of LCA 
databases.
61,91,185
 Equation 1 describes how emissions estimates for dairy products were 
calculated. It was assumed that the processing of milk into other dairy products requires 
the same relative inputs in NZ as it does in the reference database country.  
 
                                                 
                            
                   
 
Equation 1: Estimating Dairy Product Emissions 
 Imported (Minimally Produced) Food Items 4.6.1.2
Food items that are almost exclusively imported into NZ do not require the 
consideration of NZ-specific farming and processing emissions estimates. In this case, 
contributions from these phases were assumed to be the same as the reference database. 
Farming and processing reference values were, therefore, not modified within the NZ-
specific database.  
 Imported and Produced Food Items  4.6.1.3
Regarding food items that are partially produced in and partially imported into NZ, NZ-
specific emissions estimates, where available, were combined with values from the 





 Transportation Emissions 4.6.2
Given NZ‘s relative geographical isolation from the rest of the world, it was anticipated 
that transport-related emissions could be considerably higher in NZ than in other 
countries. NZ-specific food transport emissions were calculated by estimating the 
distances that food items travel and then multiplying these distances by emissions 
factors for the respective modes of transport (the average per kilometre emissions 
associated with transporting one gram of food). Emissions factors, which include 
indirect emissions arising from fuel supply chains and those embodied in vehicles 
themselves, were taken from Hoolohan et al.‘s 2013 publication
185
 and are summarised 
in Table 7. The extent to which transportation emissions estimates were modified, as 
with farming and processing emissions, depends on whether foods are produced in, or 
imported into, NZ. 
Table 7: Transportation Emissions Factors, from Hoolohan et al., 2013 
Mode of Transport Assigned Vehicle Emissions Factor 
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 Produced (Minimally Imported) 4.6.2.1
All NZ-produced foods were ascribed the same transportation footprint (0.13  
kgCO2ekg
-1
). This decision was based on prior work by Saunders et al., which 
estimated that the average driving distance in NZ between farm and coastal port is 250 
kilometres,
195
 as well as the fact that three-quarters of New Zealanders live within 10 
kilometres of the coast.
196
 In order to calculate the emissions associated with domestic 
transportation, this average trip length was then multiplied by emissions factor for land 
transportation (i.e. by truck).  
56 
 
 Imported (Minimally Produced)  4.6.2.2
For food items exclusively imported into NZ, international transportation 
considerations were necessary. Main trading partners were identified using 2013 FAO 
Detailed Trade Matrix data for NZ.
197
 For each imported food item, partner countries 
were ranked according to food quantity exported to NZ. International transportation 
emissions associated with the highest ranking countries were then sequentially 
considered (i.e. incorporated within the transportation model) until at least 80% of total 
imports had been accounted for, or (in the uncommon instance when trading partners 




Final transportation estimates were weighted according to each county's percent 
contribution to total imports, and calculations included: land transportation between the 
primary production location and the nearest major port; mode of international transport 
(i.e. by air or sea); port-to-port distance; and domestic land transportation within NZ (as 
described in the previous section).  
 Produced and Imported 4.6.2.3
The associated transportation emissions of food items that are both produced in and 
imported into NZ were estimated by calculating emissions for domestically produced 
foods (according to methods described in section 4.6.2.1) and imported foods 
(according to methods described in section 4.6.2.2), and then producing a final 
weighted estimate  according to the ratio of quantity produced to quantity imported. 
 Summary Equation 4.6.2.4
These methods can be summarised in a single formula (Equation 2), which allows 
transportation emissions (up until the point of sale) to be estimated for any food item 
irrespective of the group (i.e. produced, imported, or produced and imported) it belongs 
to.  
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 Trading partners included within our calculations were almost exclusively primary producers of the 
food item in question. This means that intermediary transportation legs (e.g. from the country of 
production to the country with whom NZ trades) are unlikely to have been missed within transportation 








Equation 2: Calculating Food Transportation Emissions 
 Using Exotic Fruit as an Example 4.6.2.5
To more clearly illustrate these methods, an example is outlined below for the food 
category ‗exotic fruit‘, which falls within the ‗Imported (Minimally Produced)‘ group. 




 is imported into NZ 
from a total of 15 countries, including, in order of quantity: The Philippines (71%), 
Mexico (8%), Ecuador (6%), Peru (6%), Australia (4%), Thailand (2.8%), Fiji (0.8%), 
USA (0.7%), India (0.6%), China (Hong Kong) (0.3%), China (Mainland) (0.05%), Sri 
Lanka (0.04%), Vietnam (0.03%), Singapore (0.01%), and South Africa (0.01%). Since 
final transportation emissions estimates were weighted according to each county's 
percent contribution to total imports (i.e. emissions associated with importing exotic 
fruit from the Philippines would contribute 71% to total importation emissions), those 
countries exporting small quantities to NZ were excluded from calculations on the basis 
that their relative contribution would be negligible. In this case, the five countries with 
the largest percent contribution to total imports (Philippines, Mexico, Ecuador, Peru, 
and Australia, together responsible for 95% of all imports) were included within the 
calculations.  
These countries were then categorised by mode of transport (i.e. ocean-freight or air-
freight), according to Statistics NZ‘s ‗Overseas Trade Import – Cargo‘ data, which 
provide a breakdown of annual food import quantities by seaport and airport.
198
 In this 
case, exotic fruit from the Philippines, Mexico, Ecuador, and Peru is almost exclusively 
shipped to NZ, while exotic fruit from Australia is usually freighted by air. For each 
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 FAO categories: ‗Fruit, tropical fresh‘, ‗Mangoes, mangosteens, guavas‘, ‗Pineapples‘, and ‗Papayas‘ 
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country, the production region of greatest significance was determined using Google 
search (and by extracting this information from a government website when available); 
the distance from this region to the nearest international seaport or airport (depending 
on the mode of international transport) was calculated using Google Maps. Next, the 
distance from that port to Auckland Seaport or Auckland Airport was determined using 
an online tool for calculating either seaport-to-seaport distances
199
 or airport-to-airport 
distances.
200
 Auckland was selected as the port of entry for all imported food as it is 
home to both the busiest seaport and airport in NZ.
198
 Distances were then combined 
with an emissions factor for the relevant mode of transport (Table 7). Once 
international transport estimates had been weighted according to the contribution of 
each partner country to total imports, domestic transportation emissions were also 
included in the calculation (0.13 kgCO2ekg
-1
).  
 Electricity Emissions within the Warehouse and Distribution, 4.6.3
Refrigeration, and Overheads Stages 
Non-renewable electricity usage, typically a principle source of emissions within 
downstream lifecycle stages (e.g. warehouse and distribution, refrigeration, and 
overheads), was also investigated. This was deemed necessary due to likely differences 
between NZ‘s renewables-based electricity grid and the reference database. Other 
emissions sources from these lifecycle phases, including refrigerant gas leakage; staff 
commuting; business travel; water, oil, and gas usage; and supermarket office 
consumables are known to contribute minimally to overall footprint,
61
 and were 
considered to be generalisable to the NZ context. On this basis, reference values for the 
warehouse and distribution, refrigeration, and overheads stages were modified with 
respect to electricity use only. These adjustments were performed by comparing 
electricity grids between NZ and the reference database country according to percent 
non-renewable generation. For every ANS food item, the electricity component of each 
lifecycle stage (warehouse and distribution, refrigeration, and overheads) was scaled to 
account for grid differences. These calculations are described in Equation 3, which 





                   
        





Equation 3 : Accounting for Electricity Grid Differences  
 Transit and Consumer Packaging Emissions 4.6.4
Emissions associated with food packaging in NZ were assumed to be equivalent to 
estimates included within the reference database (i.e. reference values were not 
modified), based on the fact that specific food products are typically packaged using 
similar amounts of the same materials (e.g. meat products are typically packaged using 
polystyrene and plastic, eggs are typically packaged using cardboard, and alcohol is 
typically packaged using glass). Saunders et al., in a report comparing production 
emissions of key NZ food exports with equivalent products in the UK, argue that this a 
reasonable assumption to make and describe how waste and disposal emissions are 
unlikely to differ between the two countries, „since both New Zealand- and EU- 
produced food of the same type would follow the same waste process, assuming either 
no packaging, or identical packaging.‟
127
 This assumption is further supported by 
findings from the only NZ-specific LCA study to report on packaging: there was almost 
direct alignment between the NZ estimate and the reference database packaging 
estimate.
201
 With respect to packaging emissions, any differences that do exist between 
NZ and the reference database are likely to have very little impact on overall lifecycle 
emissions; a climate footprint study of a large UK supermarket, Booths, found that food 
packaging contributed only 5.5% to its net emissions.
179
 
  ‘Unmatched Composite’ Food Items and Recipe-based 4.7
Estimates  
‗Unmatched composite‘ food items are those ANS food items with multiple ingredients 
that could not be suitably matched to any food item in the reference LCA database 
60 
 
(refer to section 4.5). NZ-specific lifecycle emissions for these items were estimated by 
combining estimates for component ingredients in their relative proportions, according 
to a standard recipe. This approach was based on methods described within 
Scarborough et al., 2014.
91
 Titles of ‗unmatched composite‘ food items, along with the 
word ‗recipe‘, were used as search terms in Google search. The top result was used as 
the reference recipe. Ingredient lists were ordered by mass and as many as six of the 
recipe‘s primary ingredients were included in the calculations. Ingredients were 
matched to the most relevant ANS food item, and emissions estimates associated with 
those categories were combined in their relative proportions, according to mass, in 
order to formulate a composite estimate. Where ingredient quantities within recipes 
were listed in terms other than unit mass (such as ‗1 cup of grated cheese‘ or ‗3 large 
carrots‘) the standard reference function of the US Department of Agriculture‘s 
(USDA) Food Composition Database Food Search was used in order to calculate 
equivalent mass.
202
 A list of ‗unmatched composite‘ ANS items, along with their 
primary ingredients, is available upon request. 
 Time-Horizon Conversions  4.8
As previously described in section 4.4.1, lifecycle emissions within our NZ-specific 
LCA database, which were measured on a 100-year time horizon, were converted to a 
20-year time horizon in order to compare the short-term climate impacts of NZ foods.  
Table 8 demonstrates how GWP of the each GHG varies when measured on a 20-year 
horizon as opposed to a 100-year horizon. The GWP of CO2 is set at 1 and does not 
change in relation to time horizon: this is because it is used as the reference gas (i.e. 
GWPs of the other gases are measured with respect to the GWP of CO2). The GWP of 
N2O decreases slightly when measured on 20-year time horizon, while that of methane 
more than doubles. This means that lifecycle emissions associated with foods whose 
production is CO2- and N2O-based (bearing in mind that relatively small quantities of 
N2O are typically released during the on-farm stage of production) are unlikely to differ 
significantly (if at all) when converted to a 20-year time horizon. In contrast, emissions 
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Given that beef, lamb, dairy products, and rice are the principle contributors to 
agricultural methane emissions (~80-90%), GWP conversion calculations were only 
performed for these select items.
203
 GHG GWPs from the most recent IPCC assessment 
report were used to convert and update food item emissions estimates, originally 
measured on a 100-year time horizon, to a 20-year time horizon.
48
 Individual LCA 
studies that did not specify which GHG GWP factors they had used in their emissions 
calculations were assumed to have used the most recent IPCC values at the time of their 
publication. 
Emissions estimates for other food items were assumed to be the same on a 100-year 
horizon as on a 20-year horizon. This assumption was supported by three additional 
time-horizon conversion calculations performed on non-methane contributing food 
items, namely, fish, apples, and berries; emissions estimates for these three items did 
not change when measured on a 20-year time horizon. It was also assumed that 
transportation, packaging, refrigeration, warehouse and distribution, and overheads 
lifecycle phases were dominated by CO2 emissions (i.e. emissions estimates would not 
change with changing time-horizon). Any change that might occur was considered 
negligible: for instance, methane and N2O emissions from transportation-related fossil 
fuel combustion are known to be relatively small when compared to CO2 emissions,
204
 
and thus unlikely to significantly alter overall emissions estimates when calculated on a 
20-year time horizon.  
A step-by-step guide to converting emissions estimates from a 100-year time horizon to 
20-year horizon is presented, alongside an example calculation, in Table 9. 
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Table 9: Converting Emissions Estimates to a 20-year Time Horizon 
Conversion Steps Example: Beef 
1. Find the LCA study that was used within the 
database to provide the ‗farming and 
processing‘ emissions estimate. 
Lieffering, M. et al. (2012). A Greenhouse Gas 
Footprint Study for Exported New Zealand Beef. 
126
 
2. Identify the original emissions estimate 
(including all life-cycle stages considered). 
The production of 1 kg of beef is associated with 
22 kgCO2e. 
3. Identify the contribution of each component 
gas to this estimate. 
Methane: 62% (13.64 kgCO2ekg
-1
) 
N2O: 17% (3.74 kgCO2ekg
-1
) 
CO2: 21% (4.62 kgCO2ekg
-1
) 
4. Identify the respective GWP values that were 
used to convert physical quantities of each 
component gas into CO2 equivalents (CO2e) 




Methane=25; N2O=298; CO2=1 
5. For each component gas, divide kgCO2e 
amounts (step 3) by the relevant GWP (step 
2) in order to calculate physical quantities 
emitted. 
Methane = 0.55 kg 
N2O = 0.01 kg  
CO2 = 4.62 kg  
6. Reconvert physical quantities back into 
kgCO2e kg
-1
 by multiplying them by their 
respective 20-year time horizon GWP (as 
described in Table 8). 
Methane = 46.9 kgCO2ekg
-1
 
N2O = 3.36 kgCO2ekg
-1
 
CO2 = 4.62 kgCO2ekg
-1
 
7. Sum kgCO2e amounts from step 5 = 55 kgCO2ekg
-1
 
8. Subtract contributions from lifecycle stages 
beyond the ‗farming and processing‘ stage, 
in order to align with methods previously 
described within section 4.6.1 
Transportation, consumption, and consumer 
waste collectively accounted for 1.67 kgCO2e 




9. Produce a final 20-year time horizon 
emissions estimate by adding kgCO2e 
contributions from downstream life-cycle 
stages from the NZ-specific LCA database 
(i.e. transportation, refrigeration, warehouse 
and distribution, packaging, and overheads) 
Downstream stages = 1.1 kgCO2e 
Overall 20-year time horizon emissions estimate 




As previously described in section 4.2, LCA estimates are subject to considerable 
uncertainty. Unfortunately, measures of uncertainty are rarely disclosed within both 
individual LCAs and LCA databases.
90
 Only two of the LCA databases identified in the 
literature review contained uncertainty estimates for each food item. Both databases 
were able to include such estimates not because the individual LCA studies they were 
comprised of had contained them, but because they were informed by large 
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international systematic reviews of the LCA literature and could, therefore, calculate 
uncertainty on the basis of range estimates across a number of individual LCA studies. 
In other words, these LCA databases had provided international measures of 
uncertainty that included not only variability in study design and data, but also in 
temporal and geographical contexts, as well as production methods. As a result, 
uncertainty estimates from these databases were not considered to be representative 
proxy measures of the uncertainty surrounding equivalent food item emissions in our 
NZ database. Therefore, in the absence of both uncertainty estimates within the LCA 
studies that comprise our database and a reliable source of ‗proxy‘ estimates, 




 Current Consumption Emissions of the Average NZ Diet 4.10
Following the development of our NZ-specific LCA database of the 341 food items 
included in the most recent NZ ANS, the average NZ adult‘s diet-related emissions 
were calculated (kgCO2e/day) by multiplying the average daily gram intake of each 
food item (according to the ANS) by its respective emissions estimate from our 
database (measured on both 100-year and 20-year time horizons). This provided a 
baseline estimate of the emissions associated with the daily food intake of the average 
NZ adult. 
 Food Waste Emissions 4.10.1
There is known to be a significant discrepancy between the amount of food purchased 
for individual consumption and the amount of food that is actually consumed.
61
 On this 
basis it was considered important to incorporate food waste emissions into both 
baseline consumption estimates and dietary modelling of EAG scenarios. In 2015, a 
National Food Waste Audit was conducted in NZ.
205
 Unfortunately, the NZ audit only 
reports on the annual amount of food wasted per household and not the proportion of 
each individual‘s food purchases that are wasted (by food category). Food waste data in 
the latter form was necessary for incorporation within our dietary modelling, as the 
ANS considers food intake at the individual level only. Data were, therefore, obtained 
from the most recent Waste and Resources Action Programme (WRAP) report on food 
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and drink waste in the UK.
206
 It was assumed that patterns of food waste among those 
living in the UK are representative of those living in NZ; indeed, results from NZ‘s first 
National Food Waste Audit (2015) indicate that household food waste patterns are 
comparable to those in the UK, with fresh vegetables, fresh fruits, meat, fish, dairy, 
eggs, beverages, bread and other bakery items among the top contributors to food and 
drink waste in both countries. Estimates from the NZ audit, though, suggest that less 
household food waste is generated in NZ as compared with the UK. Nevertheless, the 
authors do note that some of this discrepancy may have resulted from differences in 
auditing methods. 
The WRAP report provides information regarding the proportion of food purchases, 
across 46 individual food items and 13 food groups, that go on to become waste. This is 
further broken down by the proportion of waste that is avoidable (e.g. allowing foods to 
expire or discarding food that is otherwise fit for consumption), potentially avoidable 
(i.e. parts of foods that some people consume and others do not, for example, bread 
crusts and potato skins), and unavoidable (e.g. inedible vegetable and fruit skins). 
These items were matched to the 341 items within our NZ-specific LCA database, and 
food waste proportions were assigned accordingly. Diet-related emissions could then be 
estimated on the basis of food purchased (i.e. including both food consumed and food 
wasted by NZ adults). 
 Modelling Climate Impacts of Meeting NZ’s Dietary 4.11
Guidelines 
Following the estimation of GHG emissions associated with the average NZ adult‘s 
diet, the climate impact of conforming to the NZ EAGs was then modelled. This 
involved five principle steps: matching ANS food items to EAG food categories; 
quantifying EAG recommendations; scaling current consumption to meet those 
recommendations; compensating for energy losses; and calculating the associated 
impact on GHG emissions. 
In order to model the climate impacts of meeting NZ‘s dietary guidelines, the 341 ANS 
food items (that align directly with our LCA database) were first matched to EAG food 
categories (refer to Appendix A). Consultation with the Ministry of Health (MOH) was 
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then sought in order to correctly interpret the various qualitative EAG ‗Eating 
Statements‘. More specifically, the consultation process helped to determine serving 
sizes (which are not included in the most recent EAG report and are in the process of 
being updated) for all food items, as well as to define certain words quantitatively, such 
as ‗limit‘ and ‗mostly‘.  
As recommended by the MOH during the consultation process, serving sizes were 
taken from NZ‘s current Food and Nutrition Guidelines for Healthy Children and 
Young People,
207
 and matched to the food items in our database. It is important to note 
that, even though these serving sizes originate from a document aimed at young people, 
the sizes themselves are universal across population age groups (young people are only 
recommended to consume fewer servings than adults). Serving sizes for the majority of 
highly processed junk-type foods are not included within the Food and Nutrition 
Guidelines for Healthy Children and Young People. It was decided that serving sizes 
for these foods should be taken from the Australian Dietary Guidelines.
122
 Serving sizes 
for all food items included within our NZ-specific database are presented in Appendix 
A. 
The recommendation to consume ‗mostly‘ whole grain, was determined to mean that 
75% of grain should be consumed in its whole form, as opposed to being refined. For 
those categories with an instruction to ‗limit‘ consumption, but without specific 
guidance as to what that would equate to quantitatively (i.e. ‗processed meats‘, ‗drinks 
and foods with added sugar‘, and ‗highly processed foods that are high in refined 
grains, saturated fat, sugar and salt‘), we defined ‗limit‘ as the average of the 
recommended range for ‗discretionary choices‘ from the Eat for Health Educator Guide 
(a supplementary document of the Australian Dietary Guidelines).
208
 This equated to a 
maximum of 1.25 daily servings for men, and 1.13 total daily servings for women, 
across the three ‗limit‘ categories combined.  
The average number of daily servings consumed from each EAG food group at baseline 
(i.e. from the ANS data) was then compared to the number of daily servings required to 
meet the EAGs. Where average NZ consumption for any of the EAG food groups did 
not meet the recommended number of servings, the current daily intake, in grams, of 
food items within that particular group were scaled up or down accordingly, so as to 
reflect the minimum required change in meeting the EAGs. Table 10 summarises the 
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recommended and current daily servings of the principle EAG food groups, along with 
the required directional change. In summary, the vegetable, fruit, grain, and dairy 
categories were all increased (additional scaling was performed within the grain 
category to meet the ‗mostly‘ whole grain (75%) recommendation), while processed 
meat, added sugar, and highly processed food categories were all reduced. No changes 
were made to either the red meat
l
 or protein (including both animal and plant sources) 
categories as average consumption was already in line with recommended servings. 
More minor changes, which were based on specific food item recommendations within 
the EAGs, included replacing butter with margarine, and coconut oil, lard or dripping 
with plant oils. According to these required changes, the climate impact of shifting 
current consumption to meet the EAGs was then modelled. 











to Meet Guideline 
Vegetables Plenty At least 3 2.47 Increase 
Fruits Plenty At least 2 1.19 Increase 
Grains Mostly Whole At least 6 4.79 Increase 
Milk & 
Products 





At least 1 animal 







Red Meat Limit 
Less than 500g 
cooked/week 







(in total across all 











                                                 
l
 It is important to note that the definition of red meat varies between disciplines. In the nutrition field, 
red meat typically includes beef, lamb and pork; while in the climate change field, red meat usually refers 
to ruminant meats (i.e. lamb and beef) only and excludes pork. The Ministry of Health recommendation 
to consume ‗less than 500g of cooked red meat each week‘ therefore includes beef, lamb, and pork (see 
Table 10). In order to be consistent with the climate change field, the use of ‗red meat‘ within the 
remainder of this thesis refers only to beef and lamb.  
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 Energy Compensation 
As a consequence of the significant reduction in discretionary food intake required to 
meet the EAGs, a reduction in overall energy intake (kJ/day) was expected. It was 
important, therefore, to consider the extent to which people might compensate for lost 
energy. Research suggests that satiation is primarily determined by the weight or 
volume of foods consumed, as opposed to energy intake.
209,210
 Studies on energy 
compensation following dietary interventions suggest that compensation is 
incomplete,
211
 particularly when the intervention involves reducing sugary sweetened 
beverage intake.
212
 Beyond these observations, there appears to be few concrete 
answers within the current literature. Other studies have encountered similar difficulties 
and have, in response, performed sensitivity analyses with respect to energy 
compensation; a recent Australian study, for example, which investigated strategies for 
reducing discretionary food consumption, included a sensitivity analysis whereby two 
scenarios were considered: compensation for either 25% or 75% of lost energy.
213
 On 
this basis, all scenarios modelled within this project included compensation for 75% of 
kilojoules lost, while 50% and 100% compensation scenarios were also modelled as 
sensitivity analyses. This involved increasing consumption (in proportion to intake 
within the dietary scenario itself) of five food groups in accordance with the EAG 
recommended dietary changes for New Zealand adults: ‗vegetables and fruit‘, 
‗legumes‘, ‗nuts and seeds‘, ‗whole and less processed foods‘ (interpreted as ‗whole 
grains‘), and ‗fish and other seafood‘.
39
  
 Modelling Sustainable EAG Scenarios 4.12
In order to investigate the extent to which NZ adults could reduce their diet-related 
GHG emissions while still meeting the EAGs, ten dietary scenarios involving further 
changes to current consumption patterns (i.e. in addition to those required to meet the 
guidelines) were also modelled. As described in the above section, where average NZ 
consumption for any of the EAG food groups did not meet the minimum required 
change for any particular EAG scenario, the current daily intake, in grams, was scaled 
up or down accordingly.  
Dietary scenarios were developed based on modelling results from sections 4.10 
(Current Consumption Emissions of the Average NZ Diet) and 4.11 (Modelling Climate 
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Impacts of Meeting NZ‟s Dietary Guidelines) and input from MOH representatives was 
once again sought. Emphasis was placed on conceptualising eating patterns that would 
amount to a stepwise decrease in emissions-intensive food products along with a 
simultaneous increase in foods that are known to be far less GHG intensive; in other 
words, decreasing intake of animal-based protein sources (i.e. meat, seafood, and eggs), 
while increasing intake of plant-based protein sources (i.e. legumes, nuts and seeds) 
was considered to be a priority. All dietary scenarios conformed to recommendations 
within the NZ EAGs. Avoidable food waste emissions were also considered within 
each scenario. As with the baseline EAG scenario, any reduction in overall energy 
intake resulting from sustainable EAG scenarios was compensated for according to 
section 0.  
Table 11 summarises each dietary scenario, as well as the baseline EAG scenario 
described above in section 4.11. 
Table 11: Sustainable EAG Scenarios 
Scenario 
Name 
Code Full Description 
Baseline EAG EAG0 
Shifts current consumption with minimum necessary change to meet EAG 
daily serving recommendations. This involves increasing intake of fruit, 
vegetable, whole grain, and milk & products categories, while 
significantly reducing intake of highly processed foods, sugar-sweetened 
foods and drinks, processed meats, and refined grains. Butter is also 
replaced with margarine, while coconut oil and animal lard are replaced 





‗EAG0‘ plus replacing 1 serving of animal protein (lamb, beef, poultry, 
pork, eggs, fish categories) once per week with 2 servings of plant protein 
(legumes, nuts & seeds categories). Individual food items within 





‗EAG0‘ plus replacing 1 serving of animal protein (lamb, beef, poultry, 
pork, eggs, fish categories) once per day with 2 servings of plant protein 
(legumes, nuts & seeds categories). Individual food items within 




‗EAG0‘ plus scaling down protein consumption (in proportion to 






‗EAG0‘ plus excluding processed meat plus red meat (lamb and beef 
categories) replaced (in terms of energy) with white meat (poultry and 





‗EAG0‘ plus excluding processed meat plus red meat (lamb and beef 
categories) replaced (in terms of energy) with other forms of protein  
(poultry, pork, eggs, fish, legumes, nuts & seeds categories) in proportion 










EAG0‘ plus meeting half of recommended daily protein intake (minimum) 





EAG0‘ plus excluding processed meat plus all meat (lamb, beef, poultry, 
and pork categories) replaced (in terms of energy) with other forms of 
protein (eggs, fish, legumes, nuts & seeds categories) in proportion to 




‗EAG0‘, excluding processed meat plus all animal protein (lamb, beef, 
poultry, pork, eggs, fish categories) replaced (in terms of energy) with 
other forms of protein (legumes, nuts & seeds categories) in proportion to 
‗Baseline EAG‘ amounts  




‗EAG0‘, ‗Excluding Processed Meat‘, ‗Replacing Animal Protein‘ plus 
meeting recommended daily servings of ‗milk & products‘ from ‗milk 
alternatives‘, (i.e. plant milks and  yoghurts) 
EAG9 w/o 
Food Waste 
EAG10 ‗EAG9‘ plus elimination of avoidable food waste 
 
Results from the modelling of these sustainable EAG scenarios are described in section 
5.7. These results informed the development of sustainability statements that could be 
used to revise the EAGs: as part of this process, statements were woven into the current 
EAG document in order to produce a draft version for consideration by the MOH. 
 Chapter Summary 4.13
In summary, no clear directive, in terms of developing a NZ-specific database, was 
discovered within the international literature. Using specific criteria, a reference 
database from abroad was selected so as to provide baseline emissions estimates for 
those food items for which there was not a NZ-specific LCA study.  
These estimates were then modified according to the NZ context and combined with 
consumption data from the 2008/09 NZ ANS
35
, allowing emissions associated with the 
average NZ adult‘s diet to be quantified. Various dietary scenarios were then 
developed, and the climate impacts of meeting these scenarios were modelled.  
We wish to emphasise that transparency was a key consideration in both the 
development of our database and subsequent modelling, and that, in moving forward, 





 Chapter Overview 5.1
This chapter outlines key outcomes as related to important methodological steps, 
including the estimation of NZ-specific emissions associated with both individual food 
items and the average adult‘s diet. Climate impacts of scaling current consumption to 
meet the NZ dietary guidelines, along with a number of sustainable eating pattern 
alternatives that meet the EAGs, are also presented. The development of sustainability 
statements for inclusion within either a revised version of the EAGs, or a supporting 
document is further discussed below. 
 Selecting Reference LCA Database  5.2
Though they excluded from our evaluation of the extant dietary modelling literature, 
seven relevant LCA databases were identified in the literature review (refer to Box 2). 
These were ranked according to essential and non-essential criteria (as outlined in 
Section 4.4) and the results of this ranking process are summarised in Table 12. All 
databases, but Tilman and Clark‘s
88
, met the functional unit requirement (kgCO2ekg
-1
 
with greenhouse gas (GHG) global warming potentials (GWPs) measured on a 100-
year time horizon). With regard to the second essential criterion, Hoolohan et al.
185
 was 
the only database to contain a numerical breakdown of each individual LCA by relative 
contribution (Berners-Lee et al.
61
 does contain this information, but it is only presented 
in the form of a segmented bar graph). Within Hoolohan et al., emissions estimates are 
divided into seven lifecycle stages: farming and processing, transportation, transit 
packaging, consumer packaging, warehouse and distribution, and supermarket 
overheads. With respect to non-essential criteria, Hoolohan et al.‘s database also 
performs well: its system boundaries are wide, spanning ‗cradle to point-of-sale‘, where 
cradle refers to the earliest stages of on-farm production and point-of-sale refers to the 
point at which food products leave the supermarket; it studies a diverse range of food 
groups (66 categories representing the entire product range of a UK Supermarket, 
Booths); it is relevant to a specific context that is comparable to NZ (the UK); it ranked 
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equal highest in terms of transparency and second highest with respect to consistency of 
method; and it was conducted within the last five years. 
On this basis, and considering that it was the only database to fully meet both essential 
criteria, Hoolohan et al.‘s database was chosen to be the reference database for this 
project.  












et al., 201491 
Wickramasinghe 
et al., 2016184 






































































94 61 66 82 




Relevant to a 
Specific Context 












Low High High Low Medium Low Low 
Consistency of 
Methods 
High  Medium Medium Low Medium Low Low 
Uncertainty 
Reported 
No No No Yes No No Yes 
 
While there is significant variation between LCA databases with respect to emissions 
estimates of individual food categories, the databases themselves do not differ 
significantly in terms of overall trends between food items: plant-based foods tend to 
have low climate footprints while animal-based foods, particularly ruminants meats 
tend to be much more GHG-intensive.  Furthermore, with respect to one another, no 
database appears to systematically over- or under-estimate emissions estimates. 
*Audsley et al. (2009) provides emissions estimates for different regions of the world, including ‘the UK’, ‘rest 




Figure 5 compares LCA databases according to their estimates for 20 common food 
groups; Tilman & Clark‘s database has been excluded because it does not provide 
emissions estimates per kilogram of product. 
 
*Audsley et al. (2009) provides emissions estimates for different regions of the world, including ‘the UK’, ‘rest of 
Europe’, and ‘rest of world’. The Audsley et al. estimates used in the above figure are specific to the UK.   
 
Figure 5: Emissions Estimates of Common Food Items by Database 
 Matching Food Items 5.3
Once the Hoolohan et al. LCA database had been selected as a reference database that 
could form the basis for subsequent modification according to the NZ context, the next 























Clune et al. (2016) Wickramasinghe et al. (2016)
Scarborough et al. (2014) Hoolohan et al. (2013)
Berners-Lee et al. (2012) Audsley et al. (2009)*
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step was to match food items within this database to those items used within the ANS 
and the BODE
3 
diet model. Each ANS food item, according to its particular Hoolohan 
et al. match, was then assigned a reference emissions estimate. 
Overall, there was a high degree of alignment between the 66 Hoolohan et al. food 
items and the 341 ANS items. ANS categories tended to be much more specific than 
those in Hoolohan et al. and, therefore, individual Hoolohan et al. items were often 
assigned to multiple ANS food items. For instance, the Hoolohan ‗bread‘ category was 
assigned to 17 ANS categories (e.g. ‗white‘, ‗wholemeal‘, ‗mixed grain‘, ‗corn‘, and 
‗fruit‘ breads). Overall, 55 Hoolohan et al. items were matched to 279 ANS items. The 
remaining 62 ANS items, which did not directly align with Hoolohan categories, were 
divided into one of two groups: ‗unmatched raw‘ (n= 17), such as ‗crab and crayfish‘, 
which relied on a secondary source (in this case, a NZ-specific LCA lobster 
production), and ‗unmatched composite‘ (n= 45), such as ‗chicken casserole‘, which 
relied on recipe-based calculations in order to estimate emissions (as described in 
section 4.7). Eleven Hoolohan et al. categories (melons, frozen fruit, prepared fruit, 
mushrooms, exotic vegetables, prepared vegetables, tinned vegetables, tinned meat, 
frozen meat and fish, home baking (e.g. eggs), and miscellaneous food) were not 
required. Appendix A outlines the results of the matching process. 
 Modifying Reference Values by Lifecycle Stage 5.4
Following the matching process, reference emissions estimates, which were originally 
UK-relevant, were modified to be as specific to the NZ context as possible. Since 
Hoolohan et al. provided a breakdown of each emissions estimate by lifecycle stage, 
individual stages could be targeted and independently modified. Emissions estimates 
from six of eight life-cycle stages included within the Hoolohan et al. database 
(including farming and processing, transportation, refrigeration, warehouse and 
distribution, and overheads) were modified, to some extent, according to the NZ 
context, while emissions estimates from two stages (transit packaging and consumer 
packaging) were assumed to be the same in NZ as they were in the UK (as described in 
section 4.6.4). These efforts enabled a NZ-specific database of food emissions to be 
compiled that was later used to both quantify the emissions associated with the current 
NZ diet and model the climate impacts of meeting the NZ EAGs.  
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 Farming and Processing Emissions 5.4.1
As previously described in section 4.6.1, modification of farming and processing 
emissions estimates involved two key steps: identifying where foods come from and 
then substituting NZ-specific farming and processing emissions estimates into the 
database, where available, for those foods that are produced in NZ. As described in 
section 4.6.1.1, NZ-specific LCAs were systematically identified. This review 
identified a total of 22 NZ-specific LCAs, providing 52 individual emissions estimates
m
 
across a range of 15 different food items, including apples, berries, kiwifruit, tomatoes, 
capsicums, onions, cheese, milk, milk solids, wine, wild fish, squid, rock lobster, lamb, 
and beef.  
Based on methods described previously (section 4.6.1.1), a representative emissions 















 only a single NZ-specific 





 two NZ-specific LCAs were identified and an average of emissions 
estimates was used to represent each respective category within our database. Similarly, 
there were two NZ-specific LCA studies for lamb production.
125,127
 Consideration of 
methane emissions, however, was included in only one emissions estimate; this 
estimate was determined to be more accurate and was therefore selected as the 
representative value.
125
 Only one of two LCA studies on milk solids.
127,220
 included 
methane emissions and, again, the emissions estimate from that study was selected.
220
 







 respectively: each study included a number of 
emissions estimates for common species or varieties and an average of these estimates 
was used to represent the respective categories within our database. Out of 11 NZ-





 was selected on the basis of expert advice
n
. 
Those emissions estimates that were selected to represent the ‗farming and processing‘ 
stage within our NZ-specific database are presented, alongside their respective 
                                                 
m
 LCA studies frequently compare different production systems for a given food item, hence there are 
more emissions estimates than individual studies.  
n
 Dr. Stewart Ledgard, Adjunct Professor, Life Cycle Management Centre, Massey University, NZ 
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estimates from Hoolohan et al. (UK) estimates, where available, in Figure 6. In general, 
there is a high degree of consistency between NZ-specific Hoolahan et al.‘s emissions 
estimates: plant-based foods, along with cow‘s milk, are associated with significantly 
fewer emissions than meats, seafood, and other dairy products. Perhaps the most 
significant difference in emissions estimates between NZ and Hoolohan et al. data 





 while the Hoolohan et al. (UK) estimate is considerably 
lower. A NZ-specific study on different types of seafood revealed that rock lobster is 
particularly climate intensive, although, because overall consumption in NZ is very 
low,
35
 it is likely that lobster‘s contribution to overall diet-related emissions is relatively 
insignificant. 
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 Transportation Emissions 5.4.2
NZ-specific food transport emissions were calculated by estimating the distances that 
both domestically produced and imported food items must travel in order to reach NZ 
supermarkets and then multiplying these distances by emissions factors for the 
respective modes of transport (refer to section 4.6.2). According to FAO Food Balance 
Sheets, only 25.5% of NZ's current food supply is imported: the UK, in comparison, 
imports 45% of its supply.
194
 The vast majority of NZ food imports arrive by sea-
freight (97%), while a very limited number of food items from select countries are air-
freighted into NZ (3%).
198
 While air-freighting goods (short-haul) is approximately 468 
times more GHG intensive per kilometre than sea-freighting them, its relative 
contribution to overall transportation-related emissions is minute. For example, more 
than half (60%) of fresh imported tomatoes are air-freighted into NZ, yet this 
constitutes only 0.28% of total tomato imports (fresh or prepared) into NZ
198
 or 0.06% 




Exotic fruit (e.g. mangoes and pineapples) was the only food category where air 
transportation constituted a significant enough proportion of total imports to be 
included within calculations: approximately 4% of NZ‘s exotic fruit supply is flown in 
from Australia. To provide some context, emissions associated with this trip (2290 km) 
were calculated to be 17 kgCO2ekg
-1
: 131 times the emissions associated with the 
average distance travelled by sea (8150 km) for exotic fruit (0.13 kgCO2ekg
-1
). Even 
though air-freight from Australia only constituted a small share of total imports (4%), 
its contribution to total transport emissions was significant enough to render exotic fruit 
as having the largest transportation footprint (1.2 kgCO2ekg
-1
) of all food items.  
Figure 7 compares transportation emissions estimates of foods consumed in NZ 
alongside UK-specific estimates from the Hoolohan et al. database. Foods whose 
domestic supplies were completely or partially imported into NZ had higher 
transportation emissions than those foods that were produced in NZ. Other important 
factors in determining transportation emissions, aside from air-freight, include both the 
road distance that an item must travel in order to reach a major sea-port within its 
country of origin (significant in countries like the United States and Canada), and the 
proportion of the domestic supply that is imported. As previously described in section 
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4.6.2.1, all food items that were produced in NZ were ascribed the same transportation 
emissions estimate. 
When comparing NZ-specific estimates with those from the Hoolohan et al. database 
(UK), we see considerable variation between countries; such differences highlight why 
it was necessary to perform NZ-specific transportation adjustments. Reasons for this 
variability between NZ and the UK are potentially numerous and difficult to 
distinguish. These may include: differences in the proportion of food imported into 
each country (i.e. NZ imports a significantly smaller proportion)
194
; differences in 
geographical setting (NZ is relatively isolated in comparison to the UK); differences in 
mode of transport utilised (more items are air-freighted into the UK)
185
; differences in 
trading partners 
197




Figure 7: Comparison of Transport Emissions between Hoolohan et al. and NZ  
 Electricity Emissions within the Warehouse and Distribution, 5.4.3
Refrigeration, and Overheads Stages 
As previously described in section 4.6.3, differences in electricity-related emissions 
between NZ and the UK were also taken into consideration within three downstream 
lifecycle stages: namely, the warehouse and distribution, refrigeration, and overheads 
stages. As had been anticipated, there was a significant difference between NZ and the 
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reference database country (UK) with respect to renewably-generated electricity. Latest 
statistics indicate that 80.8% of NZ‘s electricity grid is currently renewable,
128
 while 
only 14.9% of the UK‘s supply was renewable in 2013 (the year of the Hoolohan et al. 
publication).
230
 Nevertheless, factoring this difference into each of the electricity-
dependent lifecycle stages resulted in only small reductions in emissions estimates for 
these lifecycle stages: 22%, 13%, and 12% reductions in Warehouse & Distribution, 
Overheads, and Refrigeration, respectively. Since these lifecycle stages contribute 
relatively little to total emissions, the overall impacts of such reductions are minor. 
 Overall Food Item Emissions 5.5
Having adjusted reference emissions estimates from individual lifecycle stages 
according to important NZ differences, the per-kilogram, cradle to point-of-sale 
emissions for the 341 food items within our database were then calculated. NZ food 
item emissions align closely with the international literature: while slight differences in 
emissions estimates for individual foods may be present, general trends regarding both 
how foods compare with one another and the relative contributions of the various 
lifecycle stages hold true. When comparing commonly consumed food items on a per 
kilogram basis, beef and lamb are by far the greatest contributors to climate change: 
emitting 21 and 17 kgCO2e, respectively (see Figure 8). Other meats, including pork, 
processed meats, and shellfish, along with butter, cheese, and milk powder, all have 
emissions above 10 kgCO2ekg
-1
. Most other animal-based foods, including fish, eggs, 
poultry, and yoghurt fall within the 2-10 kgCO2ekg
-1 
range. Highly processed foods 
(including biscuits, cakes, muffins, puddings, pies, pastries, and ice cream), alcohol, 
and foods high in added sugar (such as confectionary and sugar-sweetened beverages) 
fall, on average, within the 2-4 kgCO2ekg
-1 
range. The majority of plant-foods, 
including legumes, vegetables, fruits, grains and cereals, are associated with fewer than 
2 kgCO2ekg
-1
; while there are two important exceptions: rice, and the nuts, seeds, and 
dried fruit category, which both fall around the 4 kgCO2ekg
-1 
mark. 
Regarding the contribution of individual lifecycle stages to overall food item emissions, 
the farming and processing stage makes the largest impact: for most food items, its 
contribution to emissions is far larger than the contribution of all other lifecycle stages 
combined. As overall food item emissions decline, so too does the relative contribution 
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from the farming and processing stage. For example, the contribution of the farming 
and processing stage to overall emissions was far smaller for legumes (22%), a low 
emitter, when compared with beef (95%), which is a high emitter. In other words, 
farming and processing contributes the most to variation across the food items, as well 
as to each individual food item‘s emissions. While the contribution of the other 
lifecycle stages does vary between food items, this variation is much less significant 
than that seen within the farming and processing stage. Figure 8 illustrates these 
findings for commonly consumed food items, broken down by lifecycle stage, while 
Appendix B presents the complete NZ-specific database. 
 
Figure 8: NZ-Specific Emissions Estimates for Common Food Items 
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 GWP Time-Horizon Conversions 5.5.1
As described earlier in section 4.8, time horizon conversions were performed for select 
methane-intensive food items, in order to compare short-term climate impacts of foods 
consumed in NZ. Emissions estimates for 10 food categories (77 individual ANS 
items), including beef, lamb, rice, milk, and a range of other dairy products, were 
recalculated on a 20-year time horizon. Emissions estimates for food items, which are 
not methane-intensive, were assumed to remain unchanged.  
Calculations on a 20-year time horizon resulted in significant increases in emissions 
estimates, as summarised in Figure 9. As compared with a 100-year time horizon, 
estimates for both beef and lamb were 2.5 times higher when measured on a 20-year 
time-horizon. Rice increased 1.7 times, while milk and other dairy product emissions 
were found to increase 1.4-2.7 times. 
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82 
 
 Current Consumption Emissions of the Average NZ Diet 5.6
Combining emissions estimates for each food item with consumption data from the 
most recent ANS revealed that daily dietary emissions associated with the average New 
Zealand adult‘s diet were 6.6 kgCO2e. On a population level, adult dietary emissions 
contribute 9.15 MtCO2e each year, which is equivalent to 11% of NZ‘s annual 
emissions.
70
 However, direct comparison (i.e. between population-wide diet-related 
emissions and NZ‘s overall GHG profile) is difficult: on-farm production emissions 
associated with imported products (~25% of NZ‘s food supply) are assigned to the 
country of origin and do not contribute to NZ‘s overall emissions, while international 
transport emissions are often overlooked within national accounting efforts.
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Analysis of current diet-related emissions according to EAG food groups revealed that 
over one third of diet-related emissions are attributable to animal protein (i.e. meat, 
seafood, and eggs) and processed meat intake (35%). Consumption of discretionary 
items, such as highly processed foods and those with added sugar, contributed 24% of 
baseline emissions; while fruits, vegetables, and plant protein (i.e. legumes, nuts and 
seeds) combined contributed 14%. The grain category contributed 9%; milk and milk 
products contributed 8%; and alcohol and ‗other‘ categories each contributed 5% 
toward the average New Zealand adult‘s diet-related emissions. These proportions are 
determined by two factors: the emissions intensities of the food categories themselves, 
and the relative contribution of each category to overall energy intake. Figure 10 
outlines each EAG food category‘s contribution to both average energy intake 



















The contribution of each lifecycle stage toward baseline dietary emissions for the 
average NZ adult is presented in Figure 11. The farming & processing stage of 
production, contributing 68% of diet-related emissions, is by far the most important 
lifecycle stage with regard to climate impact. The overheads stage (i.e. supermarket 
operations and staff travel) is the second largest contributor overall (11%). Only 9% of 
dietary emissions result from the transportation stage, highlighting its relatively small 
contribution, as has been discussed previously. Packaging and refrigeration each 



























































Figure 10: Baseline Emissions (left) and Baseline Energy (right) of Average NZ Adult by EAG Food 




Figure 11: Baseline Dietary Emissions by Lifecycle Stage 
 Food Waste Emissions 5.6.1
As expected, the proportion of wasted food purchases (by weight) are highest for fresh 
produce, particularly those food items that contain large amounts of inedible material 
(i.e. skins), or so-called ‗unavoidable food waste‘.  
Nevertheless, when it comes to considering food waste as a potential avenue for 
reducing diet-related emissions, it is most important to focus on the proportion of waste 
that may be avoided (e.g. fresh produce that expires before it is consumed; leftovers 
that are needlessly thrown away, and so forth). Figure 12 illustrates the proportion of 
purchased food that is wasted by EAG group, according to the average NZ adult‘s 





















Figure 12: Food Waste by EAG Food Group 
In terms of emissions associated with avoidable food waste, the vegetable group is the 
most significant contributor (24%) to the average NZ adult‘s avoidable food waste 
emissions. This is closely followed by the animal protein category, which includes 
meat, fish, and eggs (23%). Fruit, grain, and milk product categories are also significant 
contributors (each supplying between 10-12%).  
 Modelling Climate Impacts of Meeting the EAGs 5.7
Shifting current consumption to meet the EAGs, while having made the minimal 
required change to the average NZ adult‘s eating pattern, resulted in modest GHG 
savings: individuals could reduce their daily diet-related emissions by 7% or 0.49 
kgCO2e (0.31-0.69; 95% UI). All sustainable dietary scenarios that were modelled led 
to additional GHG savings (i.e. over and above baseline savings of 7%), while still 
meeting the EAGs.  
For the average NZ adult: 
1. eliminating avoidable food waste was found to confer up to 12% additional 
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2. replacing one weekly serving of animal protein with plant protein alternatives 
was found to offer an additional 3% GHG savings (EAG1); if this was done 
once daily, for example, additional savings would amount to 21% (EAG2).  
3. reducing current protein consumption to be in line with EAG minimum 
recommended intake conferred an additional 7% GHG savings (EAG3). 
4. replacing all red meat (i.e. lamb and beef) with white meat (i.e. poultry and 
pork), as well as eliminating remaining (i.e. after initial reductions required to 
meet EAGs with minimal change) processed meat intake, offered an additional 
10% savings (EAG4). 
5. replacing all red meat (i.e. lamb and beef) with other forms of protein (i.e. pork, 
poultry, seafood, eggs, legumes, nuts and seeds), as well as eliminating 
remaining processed meat intake, conferred an additional 13% savings (EAG5). 
6. obtaining half of one‘s protein requirements from plant sources (i.e. legumes, 
nuts and seeds) conferred an additional 15% savings (EAG6). 
7. replacing all meat (i.e. beef, lamb, poultry and pork) with other protein sources 
(i.e. seafood, eggs, legumes, nuts and seeds), as well as eliminating remaining 
processed meat intake, offered an additional 19% savings (EAG7). 
8. replacing all animal protein foods (i.e. all meats, seafood, and eggs) with plant 
protein alternatives (i.e. legumes, nuts and seeds), as well as eliminating 
remaining processed meat intake, conferred an additional 31% savings (EAG8).  
9. replacing all animal protein foods with plant alternatives, replacing all dairy 
products with plant alternatives (i.e. plant milks and yoghurts), and eliminating 
remaining processed meat intake, offered 34% additional savings (EAG9).  
10. replacing all animal protein foods with plant alternatives, replacing all dairy 
products with plant alternatives (i.e. plant milks and yoghurts), eliminating 
remaining processed meat intake, and eliminating all avoidable food waste was 
found to confer an additional 43% savings (EAG10).  
As has been conveyed above, increasing emphasis on sustainable food choices (i.e. 
above and beyond minimal change required to meet the EAGs) was found to lead to a 
stepwise reduction in associated GHG emissions: the cumulative effect of these eating 
pattern changes could reduce the average NZ adult‘s diet-related emissions by as much 
as 50%.  
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Increasing protein intake from plant foods (i.e. legumes, nuts, and seeds), while 
eliminating protein intake from animal foods (i.e. all meats, seafood, and eggs) was 
found to be the single most effective strategy in terms of reducing diet-related 
emissions (conferring up to 31% GHG savings). Cutting out avoidable food waste was 
also found to be an effective mitigation strategy, conferring up to 12% GHG savings on 
baseline (this upper limit assumes complete elimination of avoidable food waste, which 
is unlikely to be a realistic target for many people). 
Figure 13 summarises the climate impact, in the form of total GHG savings (i.e. 
including those 7% savings from our baseline EAG scenario) for all sustainable dietary 
patterns modelled (i.e. EAG1-EAG10). Emissions attributable to avoidable food waste 




Figure 13: Impact of Each EAG Scenario on Daily Diet-Related Emissions 
 Energy Compensation 5.7.1
As previously described in Section 0, caloric deficits resulting from each individual 
dietary scenario were 75% compensated for. Given the uncertainty around energy 
compensation following dietary intervention in a real world setting, sensitivity analyses 
were conducted assuming 50% and 100% compensation. While less compensation 
equates to less energy intake and inevitably fewer emissions, and vice versa, overall 
results suggest that the degree of compensation (i.e. 50, 75 or 100%) makes only a 
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small difference in terms of diet-related climate impact. In other words, emissions 
savings are mainly attributable to dietary choices, rather than to resultant decreases in 
overall energy intake. Figure 14 shows each diet scenario‘s emissions estimate when 
calculated on the basis of 50%, 75%, or 100% energy compensation. 
 
Figure 14: Impact of Energy Compensation on EAG Scenarios 
 EAG Scenarios on a 20-Year Time Horizon 5.7.2
As illustrated in section 5.5.1, converting individual food-item emissions calculations 
from a 100-year to a 20-year time horizon has a significant impact on foods whose 
production is methane-intensive (e.g. beef, lamb, dairy products, rice, or other 
composite items that contain, at least in part, one or more of these foods). Using 20-
year time-horizon estimates in our dietary modelling resulted in large changes to 
baseline consumption emissions, and to potential GHG savings afforded from meeting 
the EAGs (Figure 15). 
The average New Zealand adult‘s current diet-related emissions were 1.4 times higher 
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100-year horizon; GHG savings associated with the various EAG scenarios were also 
greater on a 20-year time horizon.  
Percent GHG savings conferred across the various EAG scenarios were 1.3-1.8 times 
greater when measured on a 20-year horizon, as compared to a 100-year horizon: for 
instance, simply meeting the EAGs (i.e. minimum required dietary change) would 
confer 11% emissions savings for the average NZ adult, as compared to 7% on a 100-
year horizon. At the more ambitious end of the spectrum, making climate friendly food 
choices, while eliminating avoidable food waste (i.e. EAG10), could reduce the average 
New Zealand adult‘s diet-related emissions by as much as 63% on a 20-year time 
horizon, as compared to 50% on a 100-year horizon.  
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 Policy Statements 5.8
As described earlier, dietary modelling results informed the development of 
sustainability statements that could be used to guide future revisions to the EAGs. A 
sample of the revised EAG document is presented in Appendix C, and several sample 
statements from within the revised document are listed below. 
 „Healthy food choices tend also to be those that are most sustainable.‟ 
 „Eating pattern choices are known to have considerable impacts on the 
environment, while substantial reductions in diet-related emissions can be 
realised by making sustainable food choices. In New Zealand, meat products, 
particularly beef (21 kgCO2ekg
-1
) and lamb (17 kgCO2ekg
-1
), are among those 
associated with the most GHG emissions, while fruits, vegetables, legumes, and 




 „Red meat has a large environmental impact and contributes more to NZ‟s diet-
related emissions than any other food. …Like red meat, processed meat is one 
of the most climate-intensive foods available.‟ 
 „Meeting the EAGs would reduce the average New Zealand adult‟s diet-related 
footprint by a modest 7%. Beyond that, additional emphasis on sustainable 
choices could provide greenhouse gas savings of up to 50%. Choosing 
alternative protein sources, such as legumes, nuts, and seeds, and avoiding 
unnecessary food waste are two effective and simple ways for New Zealand 
adults to reduce their personal greenhouse gas footprint.‟ 
 Chapter Summary 5.9
In summary, whole plant foods, including vegetables, fruits, legumes, and whole grains, 
were found to be far less emissions-intensive than most animal-based foods, 
particularly red and processed meats.  
Conforming to the EAGs, while having made the least required change to current 
consumption patterns, was found to equate to a modest GHG emissions savings of 7% 
(5-11%; 95% UI) for the average NZ adult. Greater savings were found to be possible 
with further emphasis on sustainable food choices: simply reducing avoidable food 
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waste, for example, was found to confer an additional 12% GHG savings; replacing all 
red meat with white meat offered an additional 10% savings; obtaining half of one‘s 
protein requirements from plant sources (e.g. legumes, nuts and seeds) conferred an 
additional 15% savings. Section 5.7 features a complete overview of savings from all 
modelled dietary scenarios. Notably, a total GHG savings of up to 50% was found to be 
achievable (while continuing to meet EAG recommendations) by eliminating intake of 
animal protein (i.e. meat, seafood, eggs), replacing dairy products with plant 






 Chapter Overview 6.1
This chapter first outlines how the principle aims of this project have been achieved. 
Major project findings are then summarised and compared to those within the 
international literature, before strengths and limitations are discussed, with particular 
emphasis on the project‘s novelty in the NZ context, as well as the need to have relied 
on an international reference database. Public health policy implications for NZ, as well 
as directions for future research, are presented prior to final conclusions. 
 Review of Aims 6.2
This thesis aimed, firstly, to develop a NZ-specific database of GHG emissions 
estimates for each of the 341 food categories included within the 2008/09 Adult 
Nutrition Survey (ANS) and the Burden of Disease Epidemiology, Equity and Cost-
Effectiveness (BODE
3
) diet model. An LCA reference database from abroad was 
selected according to pre-determined criteria, and supplemented with NZ-specific LCA 
studies, where available. Further modifications were applied to reference estimates so 
as to account for NZ-specific transportation and electricity considerations. In this way, 
a database specific to the NZ context was developed. 
The second aim was to quantify the emissions associated with the average NZ adult‘s 
current diet. In combining our NZ-specific database with consumption data from the 
latest NZ ANS, daily GHG emissions were calculated.  
The third aim was to model the climate impacts of a range of other, progressively more 
sustainable, dietary patterns that conform to the NZ Eating & Activity Guidelines 
(EAGs). This was accomplished via several key steps: quantifying current EAG 
recommendations, where indefinite, in consultation with the Ministry of Health 
(MOH); scaling current ANS consumption data in order to meet minimum EAG 
recommendations; and, finally, both designing and modelling a number of EAG 
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scenarios emphasising more sustainable food choices, so as to understand their climate 
impacts.  
The fourth aim of this thesis was to develop sustainability statements for potential 
inclusion within the EAGs, or within supporting documentation. Relationships with the 
MOH were fostered throughout the lifetime of this project, and consultation was sought 
at various stages. A presentation of key methods, results, and draft sustainability 
statements was delivered to MOH officials in Wellington in September 2017, after 
which I was commissioned by the Ministry to write an ‗issues-based document‘ on the 
topic of sustainable eating patterns for New Zealanders. This report, which is due to be 
completed by March 31, 2018 and will be published on the Ministry website, is 
expected to support the future inclusion of sustainability statements within the EAG 
series. 
 Main Findings 6.3
Production emissions were found to vary substantially between different foods. As a 
general rule, the climate impact of animal-based foods tended to be significantly higher 





), are among those associated with the most GHG emissions, 
while fruits (1.2 kgCO2ekg
-1
), vegetables (1.8 kgCO2ekg
-1
), legumes (1.5 kgCO2ekg
-1
), 
and grain products (1.8 kgCO2ekg
-1
), along with milk (1.5 kgCO2ekg
-1
), are 
significantly less GHG-intensive. Such variation is primarily due to differences in the 
farming stage of production and is greatly accentuated when emissions estimates are 
calculated on a 20-year, as opposed to a 100-year, time horizon. While emissions 
estimates from other lifecycle stages, including transportation, refrigeration, packaging, 
warehouse and distribution, and overheads, were found to vary between individual 
foods, this variation is relatively insignificant when compared to that within the farming 
and processing stage. These findings are consistent with the international 
literature,
83,88,91,184,185
 emphasising that, when it comes to the climate impact of our food 
system, the NZ context may not be as unique as many have been led to believe.
232-234
  
In combining the production emissions of NZ foods with consumption data from the 
most recent national Adult Nutrition Survey, it was estimated that the average NZ 
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adult‘s daily diet-related emissions are 6.6 kgCO2e. While no other NZ-specific 
estimate of diet-related emissions was found to exist at the time of writing, 6.6 kgCO2e 









, and the UK
91,185,235
), which range from 4.1-8.8 kgCO2e. 
Making direct comparisons between countries, however, is difficult, given the 
appreciable differences in how GHG databases are compiled. For instance, estimates 
from three different studies within the UK alone range from 5.2-8.8 kgCO2e.
91,185,235
  
At a population level, diet-related emissions among NZ adults equates to 9.15 MtCO2e 
per year, or the equivalent of 11% of NZ‘s total annual greenhouse gas emissions.
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Caution should be exercised when making direct comparison with NZ‘s overall 
emissions profile, given that emissions embodied within foods produced in other 
countries (approximately 26% of NZ's current food supply
194
) are not included within 
national accounting.  
In reference to dietary modelling outcomes, the least amount of dietary change required 
to meet the EAGs was found to confer modest diet-related emissions reductions of 7% 
(5-11%; 95% UI) for the average NZ adult. Such change would involve increasing 
consumption of fruits, vegetables, whole grains, and milk products or alternatives, 
while significantly decreasing intake of processed meat, foods and drinks with added 
sugar, and other processed foods high in saturated fat, sugar, salt and refined grain.   
Placing further emphasis on sustainable food choices, while limiting avoidable food 
waste, was found to offer additional GHG savings (i.e. above and beyond the 7% 
savings achieved through minimal change). Increasing consumption of plant protein 
(i.e. legumes, nuts, and seeds) and reducing consumption of animal protein (particularly 
lamb and beef, but also pork, chicken, fish, and eggs) is the single most effective action 
that NZ adults can take so as to reduce their diet-related emissions, conferring up to 
31% additional GHG savings. Indeed, reducing meat intake is among the most effective 
ways to reduce one‘s personal climate footprint.
60
 Cutting out avoidable food waste 
should also be seen as an important mitigation strategy, conferring up to 12% additional 
GHG savings. 
Depending on the degree of dietary change pursued, personal emissions reductions of 
7-50% could be achieved; a finding that is consistent with those reported elsewhere 
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(refer to Table 4). A 2014 study from the Netherlands showed that meeting the Dutch 
Dietary Guidelines could reduce current diet-related emissions by 11%, while more 
sustainable dietary scenarios were found to confer savings on baseline of more than 
20%.
165
 A 2016 study from the UK, which looked at the GHG impacts of meeting 
national dietary recommendations, while attempting to minimise dietary change, found 
that average emissions reductions of 15% could be achieved by consuming a healthy 
diet and that, with further dietary change, savings could be increased to 27%.
145
 A 2015 
systematic review of the literature concluded that sustainable food choices could reduce 
diet-related emissions by as much as 50%, and that the potential for reduction was 
primarily determined by the type and quantity of meat consumed.
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At an individual level, halving diet-related emissions (EAG10) would, for the average 
NZ adult, equate to annual GHG savings of 1200 kgCO2e. This is equivalent to the per 
person passenger emissions of thirteen one-way flights between Dunedin and 
Wellington.
236
 If all NZ adults were to halve their diet-related emissions, this would 
result in an annual, population-level reduction of 4.6 MtCO2e.
237
 Such a decrease would 
equate, for example, to 18% of the current emissions reductions needed to meet NZ‘s 
commitment under the Paris Agreement (i.e. 30% below 2005 levels by 2030),
59,70
 or to 




It is important to note that, as both the current EAGs and the ANS are specific to adults, 
diet-related emissions estimates within this study have only taken NZ adults into 
consideration. Further GHG savings could be expected if those less than 15 years of age 
(approximately one million New Zealanders
237
) were to make similar dietary changes. 
Potential diet-related GHG savings among this population could be expected to be 
slightly lower, given that children and adolescents do not tend to consume as much 
food as adults: approximately 462 kJday
-1





This study is the first to compile a food emissions database for NZ. It is also the first to 
quantify diet-related emissions associated with the NZ diet, using a bottom-up LCA 
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approach. While the full range of NZ-specific LCAs needed to compile a complete 
database is currently unavailable, a systematic approach to the literature review 
identified all existing NZ studies; those studies offering the most accurate emissions 
estimates were used within this work. Reference databases from abroad were carefully 
evaluated according to pre-determined criteria, and values were modified according to 
lifecycle stages that contributed most to overall emissions, or that were expected to 
differ most in NZ. In other words, the database that has been compiled is as specific to 
the NZ context as is currently possible. Furthermore, the database is designed to 
accommodate future research: for instance, NZ-specific LCAs may be incorporated into 
the database as these become available. 
Results also provide evidence to counter common misconceptions that relate to both 
NZ‘s livestock sector and food imports. Firstly, there appears to be a general sentiment 
amongst the public that the rearing of livestock (cows and sheep) carries a lower 
climate burden in NZ than it does in other countries
232-234
; a view that has also been 
expressed by national policy leaders
o
 and promulgated by the meat and dairy 
industries.
240,241
 Given the large variability in emissions estimates for the production of 
beef and lamb around the world,
83
 as well as the fact that only one LCA study 
(including methane) has been conducted for each of these products in NZ (both of 
which were prepared, in part, for the Meat Industry Association),
125,126
 it is difficult to 
say definitively that this is not the case. We can be confident, however, that any 
differences that might exist are likely to be small. Likewise, the impact on diet-related 
GHG emissions from these potential differences is also likely to be insignificant: if, for 
instance, the emissions estimate for NZ beef had been in line with the world average 




 this would only increase GHG savings on 
baseline (in NZ) by 2% for the most sustainable EAG scenario modelled (i.e. from 50% 
to 52%).  The stark contrast between plant and animal protein sources in terms of 
climate impact, which is described repeatedly within the international literature, is no 
less relevant in the NZ context, and overrides any differences in meat production 
emissions between countries. This project is the first to demonstrate this.  
                                                 
o
 The following excerpt is sourced from the personal blog of Professor Grant Schofield, the NZ Ministry 
of Education‘s Chief Education Health and Nutrition Advisor: “In New Zealand, lamb and beef, venison 
and goat… are being farmed on pasture land established a couple of centuries ago, and watered with the 
rain, whereas pork and chicken… are being fed grains and soy, much like factory farmed beef in the US. 
Red meat (other than pork) as grown in NZ is thus not bad for the planet, but instead sequesters carbon, 
fertilises the land, and maintains the stability of topsoil undermined by plant monoculture farming...” 
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Secondly, and despite the publication of a number of NZ studies that have revealed the 
relatively insignificant role that ‗food miles‘ play in climate change,
127,176,242
 the public 
continues to overestimate the contribution of transportation to food-related emissions, 
particularly when foods are imported from overseas.
243-245
 Findings from this study 
support the conclusion that, when it comes to diet-related emissions, the type of food is 
more important than its origins. 
Only a handful of international studies have assessed the climate impacts of meeting 
dietary guidelines,
81,140,143,144,146,148,149,156,160,161,164,165
 and this project is the first to do so 
in NZ. There appears to be an international trend toward incorporating sustainability 
considerations within national dietary guidelines,
42-46
 and this thesis has provided 
evidence to support their inclusion within NZ‘s guidelines.  
One of the key strengths of this thesis has been its ability to directly influence 
government policy. This is attributable to two main factors: the project‘s policy-
relevant design (i.e. modelling scenarios that could easily be translated into statements 
for potential EAG inclusion) and the positive relationships that were fostered with 
MOH officials, including the authors of the EAG series. Direct consultation with the 
MOH allowed us to quantitatively interpret the EAGs (including both recommended 
daily servings and serving sizes), to discuss potential avenues for dissemination of the 
project‘s results, and, finally, to tailor these results to the Ministry‘s needs. 
 Limitations  6.5
The main limitation of this study is its necessary reliance on data from the UK. Ideally, 
all domestically produced food items included within the database would have been 
accompanied by a NZ-specific LCA. While LCAs have been conducted for some of 
NZ‘s most commonly consumed foods, there is by no means a complete set available 
(there was no available NZ-specific LCA for approximately 60% of NZ-produced food 
items within our database). This lack of country-specific LCA literature is not unique to 
this project and has been acknowledged by other studies investigating the climate 
impacts of different dietary scenarios,
83,133
 including the only previous NZ study 
published on this topic to date.
36
 Additionally, UK data were used for both 
transportation emissions factors as well as food waste: unfortunately, the equivalent 
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respectively) is currently unavailable in NZ. Ideally, NZ-specific vehicle emissions 
factors would have been assigned to each individual shipping leg that was considered 
within this study. Nevertheless, it is important to remember that transportation‘s 
contribution to diet-related emissions is relatively small, and we would expect trip-
specific emissions factors to have little bearing on the overall climate impact of the NZ 
diet.  
On the other hand, the availability of NZ-specific food waste data could potentially 
have had some impact on emissions estimates. Results from NZ‘s first National Food 
Waste Audit (2015) suggest that less household food waste is generated in NZ as 
compared with the UK, although the authors note that this could be due to 
methodological differences.
205
 Unfortunately, the NZ audit only reports on the annual 
amount of food wasted per household (by category), and not on the proportion of each 
individual‘s food purchases that are wasted. Food waste data in the latter form was 
necessary for incorporation within our dietary modelling, hence the reliance on UK 
data.  
Even though the LCA is an internationally standardised approach, there continues to be 
substantial methodological variability between studies.
91
 In addition, there is 
considerable uncertainty surrounding the measurement of methane emissions from 
enteric fermentation and nitrous oxide emissions from soil nitrogen turnover.
90,91
 
Furthermore, few studies include emissions arising from land-use change, which is 
known to have a significant effect on overall climate impact
185
: in the UK, for instance, 
when land-use change is considered, the food system‘s contribution to national 
emissions increases from 20 to 30%.
186
 Together, these factors make it difficult to 
assess, with confidence, the reliability of results, and whether or not apparent 
differences in GHG estimates between any two LCA studies are, in fact, stemming 
from differences in geographical contexts and/or production methods.
184
 
Adding to these limitations, many LCAs do not conduct uncertainty analyses: for 
example, only 6 of 22 NZ-specific LCAs provided any type of uncertainty estimate. A 
lack of uncertainty analyses at the level of individual food items makes it difficult to 
assess the reliability of emissions estimates at the diet-level. A recent systematic review 
of the climate impacts of different dietary scenarios found, for example, that out of 14 
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studies, only one had performed an uncertainty analysis.
90
 As previously described in 
section 4.9, we set uncertainty at a uniform 20% across all LCA estimates in order to 
provide some indication of the potential variability within our results. It should be 
noted, though, that even 20% uncertainty might underestimate the true variation within 
emissions estimates. That being said, variability between food group emissions 
estimates is so great that, in many instances, uncertainty ranges do not come close to 
overlapping. It is, therefore, the general trend that should be emphasised when drawing 
comparisons between food item emissions, and not the numerical emissions values 
themselves
246
; this message has been echoed by the largest and most comprehensive 
systematic review on this subject conducted to date.
83
 
Food intake under-reporting, which is known to vary by individual and by the type of 
food in question, is a well-recognised phenomenon within dietary surveys.
247-249
 An 
analysis of the most recent NZ ANS, which provided current consumption data for this 
project, found that there had been substantial under-reporting among survey 
participants, especially those that were overweight, obese, or over 65 years of age.
250
 In 
order to account for under-reporting within our calculations, it would have been 
necessary to know the average amount of energy that had not been accounted for within 
the ANS. Unfortunately, the analysis mentioned above, which is the only study to have 
looked at under-reporting within the 08/09 ANS, focussed solely on the proportion of 
under-reporters among various participant sub-groups, and not the extent to which 
under-reporting, in terms of caloric intake, took place overall. Significant uncertainty 
persists concerning the average amount of population-level under-reporting in dietary 
recall surveys.
61
 Estimates of under-reporting, which are typically confined to specific 
age or ethnic subgroups, range from 10-52% of total energy intake.
251-253
 Due to the 
lack of robust under-reporting data, especially with respect to the ANS, we were unable 
to include under-reporting in our modelling. Therefore, it is likely that average diet-
related emissions, as well as emissions savings attributable to EAG scenarios, have 
been underestimated.  
According to FAO Food Balance Sheets, NZ‘s daily per capita food supply is 
equivalent to 13,000 kilojoules
194
: approximately 1.5 times higher than the average 







reporting and household food wastage offer some explanation for these missing 
101 
 
calories, it is likely that pre-purchase food waste (i.e. within the supply chain) is also 
contributing to some extent.
61
 Again, this has not been included within this study, and 
diet-related emissions are likely to have been further underestimated as a consequence. 
A final limitation to consider is our reliance on consumption data from the 2008/09 
ANS. Despite being the most recent MOH-led survey of dietary intake among NZ 
adults, the 2008/09 ANS is now almost 10 years old. A follow-up survey is long 
overdue and, clearly, more recent consumption data would have provided a more up-to-
date picture of the average NZ adult‘s current eating pattern, as well as improved 
reliability of our diet-related emissions estimates. That being said, it is unlikely that 
dietary habits among New Zealanders have changed considerably since 2009: 
comparison of the 1997 National Nutrition Survey with the 2008/09 ANS reveals that 
adult micronutrient intakes remained similar in the intervening decade.
34
 The obesity 
rate among NZ adults has, however, increased from 27% to 32% between 2007 and 
2017, indicating that the average adult‘s caloric intake may have risen over the past 
decade.
254
 This might suggest that, due to our reliance on 2008/09 ANS data, diet-
related emission estimates have once again been underestimated. 
 Implications for Policy 6.6
As previously discussed (section 5.8), climate impact statements, which could be used 
to inform the future inclusion of sustainability messaging within the EAGs, were 
drafted in accordance with our results.  
From a policy perspective, it is important to consider the usefulness, in terms of 
reducing emissions, of incorporating sustainability considerations within the EAG 
series. While a small number of countries have already included sustainability 
statements within their respective national guidelines, such developments have 
occurred fairly recently and, as yet, their effects cannot be definitively determined.
42
 
Monitoring the myriad of ways in which dietary guidelines may impact population 
health (either directly or indirectly) is not an easy task, given the multitude of factors 
that may influence people‘s eating habits.
42
 In 2011, The EAGs (formerly the Food and 
Nutrition Guidelines) were formally evaluated for the first time.
255
 While the guidelines 
were generally viewed as an evidence-based resource that can be used to help educate 
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the public on healthy eating, some key stakeholders lacked clarity on what the purposes 
of the guidelines were and believed that their role, including any downstream 




Nevertheless, dietary guidelines should be considered an essential and integral step 
toward creating a coherent national food policy, and it has been argued that including 
sustainability considerations within dietary guidelines provides greater incentive to 
follow recommendations.
41
 Amending guidelines to include sustainability messaging 
provides governments with the occasion to take a progressive stance on this pivotal 
issue. The public is increasingly concerned about climate change, and, for some, the 
opportunity to reduce diet-related emissions, and to eat more sustainably in general, 
might resonate most strongly; for others, the opportunity to achieve climate and health-
co-benefits may offer considerable motivation for dietary change.  
I was also recently commissioned to prepare an online ‗issues-based document‘ on 
sustainable food choices for the MOH. Issues-based documents are said to ‗provide in-
depth information on eating and activity issues, beyond what is covered in the 
Guidelines document‘.
256
 The document, which is intended to complement the EAGs, 
will take the form of a short report on the topic of sustainable eating patterns for NZ 
adults and will be broken down into five main sections: background, current situation, 
climate impacts of dietary change, key ways to reduce diet-related emissions, and 
frequently asked questions.  
While it is hoped that formal incorporation of sustainability statements within the 
central EAG document may occur in the near future, a sustainably-focussed issues-
based document should be viewed as a major step forward for climate and sustainability 
issues in NZ. No such document has previously existed, and the environmental 
implications of our food choices have, until now, been largely overlooked. EAG users, 
including both health professionals and agencies, as well as the general public, will 
soon be able to access, via the MOH website, accurate NZ-specific information about 
the climate impacts of their food choices. Even though it is difficult to anticipate the 
overall impact that this document might have on GHG emissions in NZ, such an 




 Future Research 6.7
This project has highlighted a number of gaps in existing research, and has identified 
opportunities for further exploration. Future modelling by the BODE
3
 research team 
will make use of our food emissions database: the climate impacts of many dietary 
interventions investigated by the BODE
3
 team (such as a tax on sugary sweetened 
beverages, a saturated fat tax, or a fruit and vegetable subsidy) may now be assessed, 
alongside both health and health system cost parameters. Such information is likely to 
provide additional leverage for instituting policy change at the local council or 
governmental level.  
In NZ, there is an urgent need for more LCAs, covering a wider range of NZ-produced 
foods, to be conducted; these should meet the most recent methodological guidelines, 
as set out by International Organization for Standardization (ISO).
173
 These LCAs 
should also conduct sensitivity analyses and report uncertainty within their estimates. In 
order for our food emissions database to remain as specific to the NZ context as 
possible, it should be continuously updated as NZ-specific LCAs become available.  
The MOH is currently in the process of updating their Food & Nutrition Guidelines for 
Children and Young People, which will be incorporated within the new EAG series. 
Once this has been completed, it will be useful to combine our food emissions database 
with data from the most recent National Children‘s Nutrition Survey,
239
 in order to 
model the climate impacts of similar dietary scenarios that conform to the child-specific 
nutrition guidelines. This would enable population-wide diet-related emissions to be 
calculated (i.e. including both adults and children), and total GHG savings of 
nationwide dietary change to be estimated.  
This project has demonstrated that following the EAGs can reduce diet-related GHG 
emissions. Further emissions reductions could be expected from within the health 
sector: healthier eating habits reduce chronic disease risk, thereby reducing the need to 
seek health care services.
257
 The contribution of health care systems themselves to 




 research will 
investigate the extent to which meeting the EAGs can reduce New Zealanders‘ risk of 
developing common chronic diseases such as heart disease, diabetes, and cancer; 
estimating health care-related emissions associated with treating such chronic 
104 
 
conditions would, moreover, constitute an interesting and much-needed research 
project.  
Finally, the scope of this project was limited to looking at the climate change impacts 
of our food choices. As a concept, however, ‗sustainability‘ encompasses much more 
than protecting the climate alone.
260
 Although climate-friendly food choices tend also 
to be those that have lesser impacts on both ecosystems and biodiversity, while 
requiring fewer land and water resources,
165,261,262
 there are likely to be some trade-offs 
between different environmental parameters as well.
260
 The interactions between the 
NZ food system and other environmental parameters will require further investigation.  
 Conclusion 6.8
This project has developed a NZ-specific database of food-related GHG emissions. It 
has, in addition, characterised climate-friendly food choices and overall eating patterns 
in the NZ context, and has translated these findings into direct, population-level policy 
outcomes. The desire to minimise climate-related health threats, and to create health 
opportunities via mitigation efforts, underpinned this work; such opportunities could 
include a reduction in the current societal chronic disease burden and a fostering of 
greater societal equity and resilience, among other potential benefits.  
It appears evident that eating patterns emphasising the consumption of whole, plant-
based foods offer a great opportunity for the average New Zealander to curb their 
personal climate footprint, while simultaneously promoting optimal health. Agriculture 
is argued to be a principal driver behind many of the world‘s environmental crises
31
; it 
would seem, therefore, that the environmental implications of our food choices ought to 
receive greater attention from academic, political, health, and public spheres alike.  
We ought to remember that four of nine planetary boundaries that work together to 
safeguard life on Earth have already been transgressed,
9
 and that humanity must now 
face numerous and unprecedented global challenges in the context of an increasingly 
unstable and uncertain future.
9
 This certainly signals a need for an immediate and 
concerted response. It is sincerely hoped that this work will encourage both energising 
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Appendix A: ANS Food Item Matching and Serving Sizes 
 





Leafy greens includes lettuce, spinach, silver beet, bok choy etc Salad Vegetables 60g 
Beans/peas/corn Frozen vegetables Vegetables 65g 
Cooked or canned tomatoes Tomatoes Vegetables 80g 
Purees and pastes Tomatoes Vegetables 80g 
Raw Average Salad; Tomatoes; Other vegetables Vegetables 80g 
Carrots Other roots Vegetables 75g 
Pumpkin/squash/butternut Other vegetables Vegetables 135g 
Yams Other roots Vegetables 135g 
Cauliflower/Broccoli/Brussel sprout/cabbage/turnip & other brassicas Other vegetables Vegetables 65g 
Onion/garlic/leeks Other roots Vegetables 75g 
Other vegetables includes parsnip, marrow/courgettes and eggplant etc Other vegetables Vegetables 75g 
Carrots/peas/beans/corn mixes Frozen vegetables Vegetables 65g 
Stir-fry mixes Frozen vegetables Vegetables 65g 
Stuffed vegetables and vegetable dishes Other vegetables Vegetables 135g 
Salad recipes (includes green salads, coleslaw, vegetable salads etc.) Salad Vegetables 60g 
Potato (includes boiled and baked potatoes) Potatoes Vegetables 135g 
Mashed potatoes with cheese added Unmatched Composite Vegetables 135g 
Scalloped potatoes Potatoes Vegetables 135g 
Stuffed potatoes and other potato dishes Potatoes Vegetables 135g 
Potatoes with additions (eg. mashed with fat/milk added) Unmatched Composite Vegetables 135g 
Kumara Potatoes Vegetables 135g 
Taro Potatoes Vegetables 135g 
Apple Apples and pears Fruit 130g 
Pear Apples and pears Fruit 130g 
Other pomme fruits Apples and pears Fruit 130g 
Berry Fruit Berries Fruit 120g 
Stone fruit Stone fruit & grapes Fruit 100g 
Oranges Citrus Fruit 130g 
Other citrus fruits Citrus Fruit 130g 
Banana Bananas Fruit 130g 
Pineapple Exotic fruit Fruit 120g 
Other tropical fruits Exotic fruit Fruit 120g 
Other fruits Stone fruit & grapes Fruit 130g 
Mixed fruits includes fruit salad 
Apples and pears; Berries: Stone fruit: Citrus: 
Bananas; Exotic fruit 
Fruit 120g 
Brown rice Rice Whole Grain 150g 
Wheat flour-wholemeal Bread Whole Grain 26g 
Other flours (rice, corn, rye, arrowroot, oat, barley etc) Bread Whole Grain 26g 
Wheat bran Bread Whole Grain 26g 
Oat bran Bread Whole Grain 26g 
Other brans Bread Whole Grain 26g 
Wheat germ Bread Whole Grain 26g 
Other grains and cereals Bread Whole Grain 26g 
Wholemeal Bread Whole Grain 26g 
Mixed grain Bread Whole Grain 26g 
Rye and heavy types Bread Whole Grain 26g 
Corn bread Bread Whole Grain 26g 
Wheat based biscuits and shredded wheat with fruits/nuts Cereals Whole Grain 34g 
Wheat based biscuits and shredded wheat without fruit/nuts Cereals Whole Grain 34g 
Single and multigrain porridge and cooked cereals with fruit/nuts Cereals Whole Grain 130g 
Single and multigrain porridge and cooked cereals without fruit/nuts Cereals Whole Grain 130g 
Single and multigrain bran based cereals with fruit/nuts Cereals Whole Grain 55g 
Single and multigrain bran based cereals without fruit/nuts Cereals Whole Grain 55g 
Toasted muesli  - sweetened Cereals Whole Grain 55g 
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Toasted muesli - unsweetened Cereals Whole Grain 55g 
Untoasted muesli  - sweetened Cereals Whole Grain 55g 
Untoasted muesli - unsweetened Cereals Whole Grain 55g 
White rice(includes parboiled & basmati) Rice Refined Grain 150g 
Fried rice/risotto/pilaff/rice salad/sushi Rice Refined Grain 150g 
Rice products (eg rice wafers/cakes) Rice Refined Grain 40g 
Wheat flour-white Bread Refined Grain 26g 
Egg Noodles Pasta Refined Grain 150g 
Plain pasta Pasta Refined Grain 150g 
Filled pasta (eg ravioli) Pasta Refined Grain 150g 
Noodles (includes Asian style noodles, 2 Pasta Refined Grain 150g 
Pasta and sauce, and other cereal based dishes eg. lasagne Unmatched Composite Refined Grain 150g 
White Bread Refined Grain 26g 
Fibre white Bread Refined Grain 26g 
Fruit bread Bread Refined Grain 26g 
Wheatmeal Bread Refined Grain 26g 
Flat bread, Pita bread, tortillas (plain), pizza bases Bread Refined Grain 50g 
Garlic breads Bread Refined Grain 50g 
Cheese/tomato/pizza topped breads Bread Refined Grain 50g 
Flavoured breads Bread Refined Grain 50g 
Other Bread Refined Grain 50g 
Bagels Bread Refined Grain 50g 
English muffins and crumpets Bread Refined Grain 50g 
Sweet yeast buns includes iced buns and buns with sweet fillings; cream, cust Bread Refined Grain 50g 
Other breads Bread Refined Grain 50g 
Single cereal, puffed/flaked - sweetened Cereals Refined Grain 30g 
Single cereal, puffed/flaked - unsweetened Cereals Refined Grain 30g 
Mixed cereal, puffed/flaked - sweetened Cereals Refined Grain 30g 
Mixed cereal, puffed/flaked - unsweetened Cereals Refined Grain 30g 
Single and multigrain extruded cereals - sweetened Cereals Refined Grain 30g 
Single and multigrain extruded cereal - unsweetened Cereals Refined Grain 30g 
Whole fluid Milk Milk & Products 250g 
Homogenised fluid (blue) Milk Milk & Products 250g 
Calcium enriched fluid Milk Milk & Products 250g 
Goats milks Milk Milk & Products 250g 
Evapourated/Condensed undiluted Milk + density adjustment Milk & Products 40g 
Milk powder-regular Powdered milk Milk & Products 40g 
Milkshakes Milk Milk & Products 250g 
Flavoured milk Milk Milk & Products 250g 
Flavoured milk-calcium enriched Milk Milk & Products 250g 
Infant formula Powdered milk Milk & Products 250g 
Other milk Soya Milk & Products 250g 
Yoghurt-regular Yoghurt & fromage frais Milk & Products 150g 
Dairy foods Yoghurt & fromage frais Milk & Products 150g 
Frozen yoghurt Yoghurt & fromage frais Milk & Products 150g 
Yoghurt-High fat Yoghurt & fromage frais Milk & Products 150g 
Fromage frais Yoghurt & fromage frais Milk & Products 150g 
Other dairy products Yoghurt & fromage frais Milk & Products 150g 
Dairy based dips Yoghurt & fromage frais Milk & Products 150g 
High fat cheese (>3-g fat/1--g) blue cheeses, cheddar, cream cheese, colby, g Cheese Milk & Products 40g 
Medium fat cheese (2--3-g fat/1--g) edam, processed cheese, cheese spread, ca Cheese Milk & Products 40g 
Low fat cheese (<2-g fat/1--g) includes cottage cheese, quark, ricotta, mozza Cheese Milk & Products 40g 
Other Cheese Milk & Products 40g 
Trim (green) Milk Milk & Products 250g 
Milk powder-low fat Powdered milk Milk & Products 40g 
Yoghurt-Low/non fat Yoghurt & fromage frais Milk & Products 150g 
Soy milk Soya Milk & Products 250g 
Yoghurt-Soy Soya Milk & Products 150g 
Semi trim (light blue) Milk Milk & Products 250g 
Yoghurt-reduced fat Yoghurt & fromage frais Milk & Products 150g 
Poached, boiled and fried eggs Eggs Animal Protein 60g 
Scrambled eggs and omelettes with cheese and other additions Unmatched Composite Animal Protein 60g 
Self-crusting quiches Unmatched Composite Animal Protein 60g 
Eggs with additions (scrambled eggs and omelettes with fat/milk) Unmatched Composite Animal Protein 60g 
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Egg stir-frys and egg foo yung Unmatched Composite Animal Protein 60g 
Muscle meat includes steak, roast, schnitzel, corned beef, mince & other musc Beef Animal Protein 100g 
Casseroles/stews with gravy sauce and vegetables/cereals/pasta Unmatched Composite Animal Protein 195g 
Casseroles/stews with tomato based sauce and vegetables/cereals/pasta Unmatched Composite Animal Protein 195g 
Casseroles/stews with sauce only Unmatched Composite Animal Protein 195g 
Casseroles/stews with cream based sauce and vegetables/cereals/pasta Unmatched Composite Animal Protein 195g 
Stir-fries with beef & sauce only Unmatched Composite Animal Protein 195g 
Stir-fries with beef, sauce & vegetables Unmatched Composite Animal Protein 195g 
Stir-fries with beef, sauce & rice/noodles Unmatched Composite Animal Protein 195g 
Stir-fries with beef, sauce & vegetables and rice/noodles Unmatched Composite Animal Protein 195g 
Muscle meats includes roast, chops, steak, mince & other muscle meats Lamb Animal Protein 100g 
Casseroles/stews with sauce only Unmatched Composite Animal Protein 195g 
Casseroles/stews with gravy sauce and vegetables/cereals/pasta Unmatched Composite Animal Protein 195g 
Casseroles/stews with tomato based sauce and vegetables/cereals/pasta Unmatched Composite Animal Protein 195g 
Stir-fries with meat and sauce only Unmatched Composite Animal Protein 195g 
Stir-fries with meat, sauce and vegetables Unmatched Composite Animal Protein 195g 
Stir-fries with meat, sauce, vegetables and rice/noodles Unmatched Composite Animal Protein 195g 
Stir-fries with meat, sauce and rice/noodles Unmatched Composite Animal Protein 195g 
Pork muscle meat includes roast, chops. steak, mince, schnitzel, strips, spar Pork, bacon & sausages Animal Protein 100g 
Casseroles/stews with sauce only Unmatched Composite Animal Protein 195g 
Casseroles/stews with gravy sauce and vegetables/cereals/pasta Unmatched Composite Animal Protein 195g 
Casseroles/stews with tomato based sauce and vegetables/cereals/pasta Unmatched Composite Animal Protein 195g 
Stir-fries with meat and sauce only Unmatched Composite Animal Protein 195g 
Stir-fries with meat, sauce and vegetables Unmatched Composite Animal Protein 195g 
Stir-fries with meat, sauce, vegetables and rice/noodles Unmatched Composite Animal Protein 195g 
Stir-fries with meat, sauce and rice/noodles Unmatched Composite Animal Protein 195g 
Chicken muscle meats includes breast, drum, thigh, wing, mince Poultry Animal Protein 110g 
Casseroles/stews with sauce only Unmatched Composite Animal Protein 195g 
Casseroles/stews with gravy sauce and vegetables/cereals/pasta Unmatched Composite Animal Protein 195g 
Casseroles/stews with tomato based sauce and vegetables/cereals/pasta Unmatched Composite Animal Protein 195g 
Casseroles/stews with cream based sauce and vegetables/cereals/pasta Unmatched Composite Animal Protein 195g 
Stir-fries with meat & sauce only Unmatched Composite Animal Protein 195g 
Stir-fries with meat, sauce & vegetables Unmatched Composite Animal Protein 195g 
Stir-fries with meat, sauce & vegetables and rice/noodles Unmatched Composite Animal Protein 195g 
Stir-fries with meat, sauce and rice/noodles Unmatched Composite Animal Protein 195g 
Duck muscle meats Poultry Animal Protein 110g 
Casserole Unmatched Composite Animal Protein 195g 
Turkey muscle meats Poultry Animal Protein 110g 
Other poultry Poultry Animal Protein 110g 
Venison includes muscle meats, casseroles and sausages Lamb Animal Protein 100g 
Rabbit/Hare Poultry Animal Protein 100g 
Tongue Beef; Lamb; Pork; Poultry Animal Protein 100g 
Black and white pudding Beef; Lamb; Pork; Poultry Animal Protein 100g 
Kidney Beef; Lamb; Pork; Poultry Animal Protein 100g 
Sheep Heart Lamb Animal Protein 100g 
Liver Beef; Lamb; Pork; Poultry Animal Protein 100g 
Pate (made from liver) Beef; Lamb; Pork; Poultry Animal Protein 100g 
Other offal Beef; Lamb; Pork; Poultry Animal Protein 100g 
Goat Lamb Animal Protein 100g 
Ostrich Beef; Lamb; Pork; Poultry Animal Protein 100g 
Kangaroo/crocodile Beef; Lamb; Pork; Poultry Animal Protein 100g 
Battered fin fish Fresh fish Animal Protein 100g 
Battered shell fish Fresh fish Animal Protein 100g 
Canned smoked fish Tinned fish Animal Protein 90g 
Canned sardines Tinned fish Animal Protein 90g 
Canned tuna, Tinned fish Animal Protein 90g 
Canned salmon Tinned fish Animal Protein 90g 
Canned shellfish Tinned fish Animal Protein 90g 
Canned other Tinned fish Animal Protein 90g 
Fin fish includes smoked , frozen and fresh Fresh fish Animal Protein 100g 
Mussels, Unmatched raw Animal Protein 110g 
Oysters, Unmatched raw Animal Protein 110g 
Paua Unmatched raw Animal Protein 110g 
Scallops Unmatched raw Animal Protein 110g 
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Shrimp/prawns Unmatched raw Animal Protein 110g 
Squid Unmatched raw Animal Protein 110g 
Other shellfish and non-fin fish Unmatched raw Animal Protein 110g 
Crab and crayfish Unmatched raw Animal Protein 110g 
Fish/seafood pie Fresh fish Animal Protein 100g 
Fish/seafood casserole stirfrys and fritters Fresh fish Animal Protein 100g 
Fish/seafood products incl's fish fingers, fish cakes, fish paste and roe Fresh fish Animal Protein 100g 
Sausages, vegetarian Vegetarian (meat alternatives) Plant Protein 135g 
Mature legumes and pulses Unmatched raw Plant Protein 135g 
Mature legumes and pulse products and dishes (includes baked beans) Unmatched raw Plant Protein 135g 
Meat substitutes and dishes Vegetarian (meat alternatives) Plant Protein 135g 
Peanuts Dried fruit and vegetables, nuts & seeds Plant Protein 50g 
Coconut Dried fruit and vegetables, nuts & seeds Plant Protein 50g 
Other nuts Dried fruit and vegetables, nuts & seeds Plant Protein 50g 
Nut butters Dried fruit and vegetables, nuts & seeds Plant Protein 50g 
Nut based dips Dried fruit and vegetables, nuts & seeds Plant Protein 50g 
Seeds Dried fruit and vegetables, nuts & seeds Plant Protein 50g 
Seed products Dried fruit and vegetables, nuts & seeds Plant Protein 50g 
Sugar Confectionary Sugar-Sweetened 600 kJ 
Golden syrups Confectionary Sugar-Sweetened 600 kJ 
Other sugar syrups including molasses, maple syrup, treacle Confectionary Sugar-Sweetened 600 kJ 
Lollies Confectionary Sugar-Sweetened 600 kJ 
Bubblegum and chewing gum Confectionary Sugar-Sweetened 600 kJ 
Chocolate and chocolate based confectionery Confectionary Sugar-Sweetened 600 kJ 
Sugar based toppings, sauces and icings Confectionary Sugar-Sweetened 600 kJ 
Ice blocks including milk or juice base Confectionary Sugar-Sweetened 600 kJ 
Jam/marmalade/honey Jam, honey, marmalade Sugar-Sweetened 600 kJ 
other eg jelly Confectionary Sugar-Sweetened 600 kJ 
Fruit Juices includes apple, orange, grapefruit, grape etc Juice Sugar-Sweetened 600 kJ 
Vegetable juices Juice Sugar-Sweetened 600 kJ 
Cordials and fruit drinks Soft drinks Sugar-Sweetened 600 kJ 
Regular soft drinks, Soft drinks Sugar-Sweetened 600 kJ 
Diet soft drinks Soft drinks Sugar-Sweetened 600 kJ 
sweetened water Water Sugar-Sweetened 600 kJ 
Sports drinks Soft drinks Sugar-Sweetened 600 kJ 
Energy drinks Soft drinks Sugar-Sweetened 600 kJ 
Powdered drinks Soft drinks Sugar-Sweetened 600 kJ 
Other non-alcoholic beverages Soft drinks Sugar-Sweetened 600 kJ 
Plain Biscuits Highly Processed 600 kJ 
Chocolate coated or chocolate chip Biscuits Highly Processed 600 kJ 
Fruit filled Biscuits Highly Processed 600 kJ 
Cream filled or with icing/dipping sauce Biscuits Highly Processed 600 kJ 
Biscuits with fruit and/or nuts Biscuits Highly Processed 600 kJ 
single or multi grain base - low fat (<=5% fat) Biscuits Highly Processed 600 kJ 
single or multi grain base - medium and high fat (>5% fat) Biscuits Highly Processed 600 kJ 
Plain includes fruit (includes fruit cakes and sultana cakes) &plain cakes (e Cake Highly Processed 600 kJ 
Sponge includes plain sponges and sponges with fillings Cake Highly Processed 600 kJ 
Slices Cake Highly Processed 600 kJ 
Cake type desserts/gateaux includes fancy rich cakes and gateaux Cake Highly Processed 600 kJ 
Sweet muffins Cake Highly Processed 600 kJ 
Savoury muffins Cake Highly Processed 600 kJ 
Low fat and bran muffins, scones, pancakes, pikelets, waffles Cake Highly Processed 600 kJ 
Doughnuts includes plain doughnut and doughnuts with cream and/or jam Cake Highly Processed 600 kJ 
Pastry includes croissant, danish and other sweet pastries, plain pastries (e Cake Highly Processed 600 kJ 
Cake bars Cake Highly Processed 600 kJ 
Sandwiches, filled rolls, filled pita breads and croissants Sandwiches Highly Processed 600 kJ 
Burgers and hot dogs Unmatched Composite Highly Processed 600 kJ 
Pizza Ready meals, pizza, fresh pasta Highly Processed 600 kJ 
Tortilla, tacos, doner kebabs, buritos, nachos Unmatched Composite Highly Processed 600 kJ 
Dim sims, spring rolls, wontons, bread based batters Unmatched Composite Highly Processed 600 kJ 
Stuffings (bread based) Unmatched Composite Highly Processed 600 kJ 
Other products Average Bread based dishes Highly Processed 600 kJ 
Milk puddings includes rice pudding, instant puddings, custards and trifle Desserts Highly Processed 600 kJ 
Cheesecakes Desserts Highly Processed 600 kJ 
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Fruit crumbles Desserts Highly Processed 600 kJ 
Mousse Desserts Highly Processed 600 kJ 
Sponge (steamed) Desserts Highly Processed 600 kJ 
Sweet pies eg. fruit or custard pies Desserts Highly Processed 600 kJ 
Pavlova & meringues Desserts Highly Processed 600 kJ 
Other puddings Desserts Highly Processed 600 kJ 
Cream-regular Cream Highly Processed 600 kJ 
Cream-reduced fat Cream Highly Processed 600 kJ 
Sour cream-regular Cream Highly Processed 600 kJ 
Sour cream-reduced fat Cream Highly Processed 600 kJ 
Ice cream-regular Ice cream Highly Processed 600 kJ 
Ice cream-rich varieties Ice cream Highly Processed 600 kJ 
Ice cream-reduced fat/frozen confectionery Ice cream Highly Processed 600 kJ 
Novelty ice cream Ice cream Highly Processed 600 kJ 
Beef pies includes pies with pastry, potato topped pies Pies Highly Processed 600 kJ 
Chicken pies includes pies with pastry, potato topped pies Pies Highly Processed 600 kJ 
Pasties Pies Highly Processed 600 kJ 
Savouries Pies Highly Processed 600 kJ 
Sausage rolls Pies Highly Processed 600 kJ 
Bacon and egg pie Pies Highly Processed 600 kJ 
Quiche Pies Highly Processed 600 kJ 
Other pies includes seafood pies, mutton pies, vegetarian pies Pies Highly Processed 600 kJ 
Potato chips/wedges/croquette/hash browns Potatoes Highly Processed 600 kJ 
Potato crisps - regular fat Crisps & snacks Highly Processed 600 kJ 
Potato crisps - reduced fat Crisps & snacks Highly Processed 600 kJ 
Corn snacks including corn chips Crisps & snacks Highly Processed 600 kJ 
Pop corn Crisps & snacks Highly Processed 600 kJ 
Extruded snacks and other crisps (not potato or corn) Crisps & snacks Highly Processed 600 kJ 
Other including mixes Crisps & snacks Highly Processed 600 kJ 
Other crisps eg. grain or kumara crisps Crisps & snacks Highly Processed 600 kJ 
Gravies Condiments Highly Processed 600 kJ 
Other savoury sauces (no meat) Condiments Highly Processed 600 kJ 
Tomato based pasta sauces (no meat) Tomatoes Highly Processed 600 kJ 
Cream or oil based pasta sauces (no meat) Cream Highly Processed 600 kJ 
Pasta sauces containing meat/chicken/fish Unmatched composite Highly Processed 600 kJ 
Condiments, salt and other flavourings Condiments Highly Processed 600 kJ 
Other additional sauces includes steak sauce, fruit sauces (eg plum/apricot/a Condiments Highly Processed 600 kJ 
Tomato sauce Condiments Highly Processed 600 kJ 
Roux sauces includes white sauces, cheese sauces Condiments Highly Processed 600 kJ 
Mayonnaise and cream style dressings, full fat Condiments Highly Processed 600 kJ 
Mayonnaise and cream style dressings, reduced fat Condiments Highly Processed 600 kJ 
Oil and vinegar, French style dressings, full fat Condiments Highly Processed 600 kJ 
Oil and vinegar, French style dressings, reduced fat Condiments Highly Processed 600 kJ 
Pickles and chutneys Condiments Highly Processed 600 kJ 
Yeast & vege extracts (eg marmite) Condiments Highly Processed 600 kJ 
Fruit break/wholemeal fruit bars (fruit wrapped in cereal based casing) Cereals Highly Processed 600 kJ 
Muesli bars (rolled oat base) Cereals Highly Processed 600 kJ 
Soft and hard mixed grain bars (mixed cereal base) Cereals Highly Processed 600 kJ 
Puffed cereal bars (based on rice or corn) Cereals Highly Processed 600 kJ 
Other breakfast cereal based bars Cereals Highly Processed 600 kJ 
Nuts and/or seed bars Cereals Highly Processed 600 kJ 
Bacon Pork, bacon & sausages Processed Meat 600 kJ 
Ham Pork, bacon & sausages Processed Meat 600 kJ 
Chicken processed meat includes nuggets, patty/fingers, roll processed meats Poultry Processed Meat 600 kJ 
Turkey processed meats Poultry Processed Meat 600 kJ 
Sausages Beef; Pork Processed Meat 600 kJ 
Sausages, chicken Poultry Processed Meat 600 kJ 
Luncheon Beef; Pork Processed Meat 600 kJ 
Frankfurters Beef; Pork Processed Meat 600 kJ 
Saveloys Beef; Pork Processed Meat 600 kJ 
Battered saveloys Beef; Pork Processed Meat 600 kJ 
Salami Beef; Pork Processed Meat 600 kJ 
Meat-loaf Beef; Pork Processed Meat 600 kJ 
Meat patties Beef; Pork Processed Meat 600 kJ 
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Butter Butter Butter - 
Butter/margarine blends Butter Butter - 
Butter - reduced fat Butter Butter - 
Polyunsaturated margarine (approximately 7-%)-includes flavoured margarine Margarine Margarine - 
Monounsaturated margarine Margarine Margarine - 
Polyunsaturated margarine - reduced fat Margarine Margarine - 
Monounsaturated margarine - reduced fat Margarine Margarine - 
Coconut oil (high SAFA) includes coconut oil, shortening from coconut oil Unmatched raw Coconut Oil - 
High MUFA/PUFA includes sesame oil, corn oil Unmatched raw Plant Oil - 
High MUFA includes canola shortening, canola oil, peanut oil Unmatched raw Plant Oil - 
Olive oil Unmatched raw Plant Oil - 
High PUFA includes sunflower oil, soybean oil, safflower oil Unmatched raw Plant Oil - 
Oil blends and other oils (includes salad/cooking oil, frying oil and vegetab Unmatched raw Plant Oil - 
High SAFA/MUFA includes beef dripping, lard, chefade, palm oil, suet Unmatched raw Lard/Dripping - 
Beer Beer and cider Alcohol 330mL 
Wine Wines Alcohol 100mL 
Spirits Spirits and liqueurs Alcohol 30mL 
Liqueurs and cocktails Spirits and liqueurs Alcohol 30mL 
Other alcohol eg cider alcoholic soda Beer and cider Alcohol 330mL 
Coconut products including coconut cream Dried fruit and vegetables, nuts & seeds Coconut Cream - 
Dried vine fruit Dried fruit and vegetables, nuts & seeds Dried Fruit - 
Other dried fruit and mixes Dried fruit and vegetables, nuts & seeds Dried Fruit - 
Fruit leather/roll ups Dried fruit and vegetables, nuts & seeds Dried Fruit - 
Soups containing meat Soup - - 
Soups containing chicken Soup - - 
Soups containing fish or seafood Soup - - 
Tomato based soups Unmatched composite - - 
Other vegetable soups Unmatched composite - - 
Stocks Soup - - 
Tea includes black tea, herbal tea, green tea Beverages - - 
Coffee Beverages - - 
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Grains and Pasta White rice 2.93 5.85 0.07 0.16 0.56 0.02 0.00 0.36 4.10 7.02 
Grains and Pasta Brown rice 2.93 5.85 0.07 0.16 0.56 0.02 0.00 0.36 4.10 7.02 
Grains and Pasta 
Fried rice/risotto/pilaff/rice 
salad/sushi 
2.93 5.85 0.07 0.16 0.56 0.02 0.00 0.36 4.10 7.02 
Grains and Pasta Rice products (eg rice wafers/cakes) 2.93 5.85 0.07 0.16 0.56 0.02 0.00 0.36 4.10 7.02 
Grains and Pasta Wheat flour-white 0.84 0.84 0.00 0.03 0.33 0.02 0.00 0.24 1.45 1.45 
Grains and Pasta Wheat flour-wholemeal 0.84 0.84 0.00 0.03 0.33 0.02 0.00 0.24 1.45 1.45 
Grains and Pasta 
Other flours (rice, corn, rye, 
arrowroot, oat, barley etc) 
0.84 0.84 0.00 0.03 0.33 0.02 0.00 0.24 1.45 1.45 
Grains and Pasta Egg Noodles 1.01 1.01 0.07 0.09 0.33 0.02 0.00 0.23 1.74 1.74 
Grains and Pasta Plain pasta 1.01 1.01 0.07 0.09 0.33 0.02 0.00 0.23 1.74 1.74 
Grains and Pasta Filled pasta (eg ravioli) 1.01 1.01 0.07 0.09 0.33 0.02 0.00 0.23 1.74 1.74 
Grains and Pasta 
Noodles (includes Asian style 
noodles, 2 
1.01 1.01 0.07 0.09 0.33 0.02 0.00 0.23 1.74 1.74 
Grains and Pasta Wheat bran 0.84 0.84 0.00 0.03 0.33 0.02 0.00 0.24 1.45 1.45 
Grains and Pasta Oat bran 0.84 0.84 0.07 0.20 0.22 0.02 0.00 0.38 1.72 1.72 
Grains and Pasta Other brans 0.84 0.84 0.07 0.20 0.22 0.02 0.00 0.38 1.72 1.72 
Grains and Pasta Wheat germ 0.84 0.84 0.00 0.03 0.33 0.02 0.00 0.24 1.45 1.45 
Grains and Pasta 
Pasta and sauce, and other cereal 
based dishes eg. lasagne 
1.85 1.85 0.02 0.14 0.19 0.00 0.01 0.31 2.53 2.53 
Grains and Pasta Other grains and cereals 0.84 0.84 0.07 0.20 0.22 0.02 0.00 0.38 1.72 1.72 
Bread White 0.84 0.84 0.00 0.03 0.33 0.02 0.00 0.24 1.45 1.45 
Bread Fibre white 0.84 0.84 0.00 0.03 0.33 0.02 0.00 0.24 1.45 1.45 
Bread Wholemeal 0.84 0.84 0.00 0.03 0.33 0.02 0.00 0.24 1.45 1.45 
Bread Mixed grain 0.84 0.84 0.00 0.03 0.33 0.02 0.00 0.24 1.45 1.45 
Bread Rye and heavy types 0.84 0.84 0.00 0.03 0.33 0.02 0.00 0.24 1.45 1.45 
Bread Corn bread 0.84 0.84 0.00 0.03 0.33 0.02 0.00 0.24 1.45 1.45 
Bread Fruit bread 0.84 0.84 0.00 0.03 0.33 0.02 0.00 0.24 1.45 1.45 
Bread Wheatmeal 0.84 0.84 0.00 0.03 0.33 0.02 0.00 0.24 1.45 1.45 
Bread 
Flat bread, Pita bread, tortillas 
(plain), pizza bases 
0.84 0.84 0.00 0.03 0.33 0.02 0.00 0.24 1.45 1.45 
Bread Garlic breads 0.84 0.84 0.00 0.03 0.33 0.02 0.00 0.24 1.45 1.45 
Bread Cheese/tomato/pizza topped breads 0.84 0.84 0.00 0.03 0.33 0.02 0.00 0.24 1.45 1.45 
Bread Flavoured breads 0.84 0.84 0.00 0.03 0.33 0.02 0.00 0.24 1.45 1.45 
Bread Other 0.84 0.84 0.00 0.03 0.33 0.02 0.00 0.24 1.45 1.45 
Bread Bagels 0.84 0.84 0.00 0.03 0.33 0.02 0.00 0.24 1.45 1.45 
Bread English muffins and crumpets 0.84 0.84 0.00 0.03 0.33 0.02 0.00 0.24 1.45 1.45 
Bread 
Sweet yeast buns includes iced buns 
and buns with sweet fillings; cream, 
cust 
0.84 0.84 0.00 0.03 0.33 0.02 0.00 0.24 1.45 1.45 
Bread Other breads 0.84 0.84 0.00 0.03 0.33 0.02 0.00 0.24 1.45 1.45 
Breakfast cereals 
Wheat based biscuits and shredded 
wheat with fruits/nuts 
0.89 0.89 0.07 0.20 0.22 0.02 0.00 0.38 1.77 1.77 
Breakfast cereals 
Wheat based biscuits and shredded 
wheat without fruit/nuts 
0.89 0.89 0.07 0.20 0.22 0.02 0.00 0.38 1.77 1.77 
Breakfast cereals 
Single cereal, puffed/flaked - 
sweetened 
0.89 0.89 0.07 0.20 0.22 0.02 0.00 0.38 1.77 1.77 
Breakfast cereals 
Single cereal, puffed/flaked - 
unsweetened 
0.89 0.89 0.07 0.20 0.22 0.02 0.00 0.38 1.77 1.77 
Breakfast cereals 
Mixed cereal, puffed/flaked - 
sweetened 
0.89 0.89 0.07 0.20 0.22 0.02 0.00 0.38 1.77 1.77 
Breakfast cereals 
Mixed cereal, puffed/flaked - 
unsweetened 
0.89 0.89 0.07 0.20 0.22 0.02 0.00 0.38 1.77 1.77 
Breakfast cereals 
Single and multigrain extruded 
cereals - sweetened 
0.89 0.89 0.07 0.20 0.22 0.02 0.00 0.38 1.77 1.77 
Breakfast cereals 
Single and multigrain extruded 
cereal - unsweetened 
0.89 0.89 0.07 0.20 0.22 0.02 0.00 0.38 1.77 1.77 
Breakfast cereals 
Single and multigrain porridge and 
cooked cereals with fruit/nuts 
0.89 0.89 0.07 0.20 0.22 0.02 0.00 0.38 1.77 1.77 
Breakfast cereals 
Single and multigrain porridge and 
cooked cereals without fruit/nuts 
0.89 0.89 0.07 0.20 0.22 0.02 0.00 0.38 1.77 1.77 
Breakfast cereals 
Single and multigrain bran based 
cereals with fruit/nuts 
0.89 0.89 0.07 0.20 0.22 0.02 0.00 0.38 1.77 1.77 
Breakfast cereals 
Single and multigrain bran based 
cereals without fruit/nuts 
0.89 0.89 0.07 0.20 0.22 0.02 0.00 0.38 1.77 1.77 
Breakfast cereals Toasted muesli  - sweetened 0.89 0.89 0.07 0.20 0.22 0.02 0.00 0.38 1.77 1.77 
Breakfast cereals Toasted muesli - unsweetened 0.89 0.89 0.07 0.20 0.22 0.02 0.00 0.38 1.77 1.77 
Breakfast cereals Untoasted muesli  - sweetened 0.89 0.89 0.07 0.20 0.22 0.02 0.00 0.38 1.77 1.77 
Breakfast cereals Untoasted muesli - unsweetened 0.89 0.89 0.07 0.20 0.22 0.02 0.00 0.38 1.77 1.77 
Biscuits Plain 3.35 3.35 0.07 0.24 0.13 0.02 0.00 0.53 4.34 4.34 
Biscuits Chocolate coated or chocolate chip 3.35 3.35 0.07 0.24 0.13 0.02 0.00 0.53 4.34 4.34 
Biscuits Fruit filled 3.35 3.35 0.07 0.24 0.13 0.02 0.00 0.53 4.34 4.34 
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Cream filled or with icing/dipping 
sauce 
3.35 3.35 0.07 0.24 0.13 0.02 0.00 0.53 4.34 4.34 
Biscuits Biscuits with fruit and/or nuts 3.35 3.35 0.07 0.24 0.13 0.02 0.00 0.53 4.34 4.34 
Biscuits 
single or multi grain base - low fat 
(<=5% fat) 
3.35 3.35 0.07 0.24 0.13 0.02 0.00 0.53 4.34 4.34 
Biscuits 
single or multi grain base - medium 
and high fat (>5% fat) 
3.35 3.35 0.07 0.24 0.13 0.02 0.00 0.53 4.34 4.34 
Cakes and muffins 
Plain includes fruit (includes fruit 
cakes and sultana cakes) &plain 
cakes (e 
3.24 3.24 0.07 0.20 0.13 0.02 0.00 0.62 4.28 4.28 
Cakes and muffins 
Sponge includes plain sponges and 
sponges with fillings 
3.24 3.24 0.07 0.20 0.13 0.02 0.00 0.62 4.28 4.28 
Cakes and muffins Slices 3.24 3.24 0.07 0.20 0.13 0.02 0.00 0.62 4.28 4.28 
Cakes and muffins 
Cake type desserts/gateaux includes 
fancy rich cakes and gateaux 
3.24 3.24 0.07 0.20 0.13 0.02 0.00 0.62 4.28 4.28 
Cakes and muffins Sweet muffins 3.24 3.24 0.07 0.20 0.13 0.02 0.00 0.62 4.28 4.28 
Cakes and muffins Savoury muffins 3.24 3.24 0.07 0.20 0.13 0.02 0.00 0.62 4.28 4.28 
Cakes and muffins 
Low fat and bran muffins, scones, 
pancakes, pikelets, waffles 
3.24 3.24 0.07 0.20 0.13 0.02 0.00 0.62 4.28 4.28 
Cakes and muffins 
Doughnuts includes plain doughnut 
and doughnuts with cream and/or 
jam 
3.24 3.24 0.07 0.20 0.13 0.02 0.00 0.62 4.28 4.28 
Cakes and muffins 
Pastry includes croissant, danish and 
other sweet pastries, plain pastries (e 
3.24 3.24 0.07 0.20 0.13 0.02 0.00 0.62 4.28 4.28 
Cakes and muffins Cake bars 3.24 3.24 0.07 0.20 0.13 0.02 0.00 0.62 4.28 4.28 
Bread based dishes 
Sandwiches, filled rolls, filled pita 
breads and croissants 
6.28 6.28 0.00 0.11 0.13 0.02 0.46 0.86 7.85 7.85 
Bread based dishes Burgers and hot dogs 13.21 34.18 0.01 0.01 0.18 0.01 0.30 0.37 14.10 35.07 
Bread based dishes Pizza 4.58 4.58 0.07 0.19 0.13 0.02 0.46 0.58 6.02 6.02 
Bread based dishes 
Tortilla, tacos, doner kebabs, buritos, 
nachos 
6.72 15.92 0.01 0.06 0.35 0.01 0.14 0.33 7.61 16.81 
Bread based dishes 
Dim sims, spring rolls, wontons, 
bread based batters 
4.97 4.97 0.01 0.03 0.42 0.02 0.21 0.37 6.02 6.02 
Bread based dishes Stuffings (bread based) 1.85 2.83 0.02 0.04 0.28 0.01 0.13 0.27 2.61 3.58 
Bread based dishes Other products 6.69 14.48 0.01 0.03 0.31 0.01 0.20 0.33 7.58 15.37 
Puddings/desserts 
Milk puddings includes rice 
pudding, instant puddings, custards 
and trifle 
1.80 1.80 0.07 0.25 0.13 0.00 0.46 0.52 3.23 3.23 
Puddings/desserts Cheesecakes 1.80 1.80 0.07 0.25 0.13 0.00 0.46 0.52 3.23 3.23 
Puddings/desserts Fruit crumbles 1.80 1.80 0.07 0.25 0.13 0.00 0.46 0.52 3.23 3.23 
Puddings/desserts Mousse 1.80 1.80 0.07 0.25 0.13 0.00 0.46 0.52 3.23 3.23 
Puddings/desserts Sponge (steamed) 1.80 1.80 0.07 0.25 0.13 0.00 0.46 0.52 3.23 3.23 
Puddings/desserts Sweet pies eg. fruit or custard pies 1.80 1.80 0.07 0.25 0.13 0.00 0.46 0.52 3.23 3.23 
Puddings/desserts Pavlova & meringues 1.80 1.80 0.07 0.25 0.13 0.00 0.46 0.52 3.23 3.23 
Puddings/desserts Other puddings 1.80 1.80 0.07 0.25 0.13 0.00 0.46 0.52 3.23 3.23 
Milk Whole fluid 0.80 1.51 0.00 0.05 0.13 0.00 0.46 0.07 1.51 2.22 
Milk Homogenised fluid (blue) 0.80 1.51 0.00 0.05 0.13 0.00 0.46 0.07 1.51 2.22 
Milk Semi trim (light blue) 0.80 1.51 0.00 0.05 0.13 0.00 0.46 0.07 1.51 2.22 
Milk Trim (green) 0.80 1.51 0.00 0.05 0.13 0.00 0.46 0.07 1.51 2.22 
Milk Calcium enriched fluid 0.80 1.51 0.00 0.05 0.13 0.00 0.46 0.07 1.51 2.22 
Milk Goats milks 0.80 1.51 0.00 0.05 0.13 0.00 0.46 0.07 1.51 2.22 
Milk Evapourated/Condensed undiluted 1.80 3.39 0.00 0.05 0.13 0.00 0.46 0.07 2.51 4.10 
Milk Milk powder-low fat 10.58 29.87 0.07 0.26 0.13 0.02 0.00 0.55 11.61 30.89 
Milk Milk powder-regular 10.58 29.87 0.07 0.26 0.13 0.02 0.00 0.55 11.61 30.89 
Milk Milkshakes 0.80 1.51 0.00 0.05 0.13 0.00 0.46 0.07 1.51 2.22 
Milk Flavoured milk 0.80 1.51 0.00 0.05 0.13 0.00 0.46 0.07 1.51 2.22 
Milk Flavoured milk-calcium enriched 0.80 1.51 0.00 0.05 0.13 0.00 0.46 0.07 1.51 2.22 
Milk Soy milk 0.19 0.19 0.08 0.07 0.21 0.02 0.46 0.16 1.18 1.18 
Milk Infant formula 10.58 29.87 0.07 0.26 0.13 0.02 0.00 0.55 11.61 30.89 
Milk Other milk 0.19 0.19 0.08 0.07 0.21 0.02 0.46 0.16 1.18 1.18 
Dairy products Cream-regular 3.76 7.08 0.08 0.16 0.13 0.02 0.46 0.34 4.95 8.27 
Dairy products Cream-reduced fat 3.76 7.08 0.08 0.16 0.13 0.02 0.46 0.34 4.95 8.27 
Dairy products Sour cream-regular 3.76 7.08 0.08 0.16 0.13 0.02 0.46 0.34 4.95 8.27 
Dairy products Sour cream-reduced fat 3.76 7.08 0.08 0.16 0.13 0.02 0.46 0.34 4.95 8.27 
Dairy products Ice cream-regular 0.91 1.71 0.08 0.15 0.13 0.02 0.46 0.26 2.01 2.81 
Dairy products Ice cream-rich varieties 0.91 1.71 0.08 0.15 0.13 0.02 0.46 0.26 2.01 2.81 
Dairy products 
Ice cream-reduced fat/frozen 
confectionery 
0.91 1.71 0.08 0.15 0.13 0.02 0.46 0.26 2.01 2.81 
Dairy products Novelty ice cream 0.91 1.71 0.08 0.15 0.13 0.02 0.46 0.26 2.01 2.81 
Dairy products Yoghurt-regular 2.22 4.18 0.08 0.10 0.13 0.02 0.46 0.29 3.29 5.25 
Dairy products Yoghurt-reduced fat 2.22 4.18 0.08 0.10 0.13 0.02 0.46 0.29 3.29 5.25 
Dairy products Dairy foods 2.22 4.18 0.08 0.10 0.13 0.02 0.46 0.29 3.29 5.25 
Dairy products Yoghurt-Low/non fat 2.22 4.18 0.08 0.10 0.13 0.02 0.46 0.29 3.29 5.25 
Dairy products Frozen yoghurt 2.22 4.18 0.08 0.10 0.13 0.02 0.46 0.29 3.29 5.25 
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Dairy products Yoghurt-High fat 2.22 4.18 0.08 0.10 0.13 0.02 0.46 0.29 3.29 5.25 
Dairy products Yoghurt-Soy 0.19 0.19 0.08 0.07 0.21 0.02 0.46 0.16 1.18 1.18 
Dairy products Fromage frais 2.22 4.18 0.08 0.10 0.13 0.02 0.46 0.29 3.29 5.25 
Dairy products Other dairy products 2.22 4.18 0.08 0.10 0.13 0.02 0.46 0.29 3.29 5.25 
Dairy products Dairy based dips 2.22 4.18 0.08 0.10 0.13 0.02 0.46 0.29 3.29 5.25 
Cheese 
High fat cheese (>30g fat/100g) blue 
cheeses, cheddar, cream cheese, 
colby, g 
9.00 16.94 0.08 0.08 0.13 0.02 0.46 0.58 10.34 18.28 
Cheese 
Medium fat cheese (20-30g 
fat/100g) edam, processed cheese, 
cheese spread, ca 
9.00 16.94 0.08 0.08 0.13 0.02 0.46 0.58 10.34 18.28 
Cheese 
Low fat cheese (<20g fat/100g) 
includes cottage cheese, quark, 
ricotta, mozza 
9.00 16.94 0.08 0.08 0.13 0.02 0.46 0.58 10.34 18.28 
Cheese Other 9.00 16.94 0.08 0.08 0.13 0.02 0.46 0.58 10.34 18.28 
Butter and Margarine Butter 10.16 19.12 0.08 0.02 0.13 0.02 0.46 0.52 11.38 20.34 
Butter and Margarine Butter/margarine blends 10.16 19.12 0.08 0.02 0.13 0.02 0.46 0.52 11.38 20.34 




1.16 1.16 0.08 0.08 0.55 0.02 0.46 0.32 2.67 2.67 
Butter and Margarine Monounsaturated margarine 1.16 1.16 0.08 0.08 0.55 0.02 0.46 0.32 2.67 2.67 
Butter and Margarine Butter - reduced fat 10.16 19.12 0.08 0.02 0.13 0.02 0.46 0.52 11.38 20.34 
Butter and Margarine 
Polyunsaturated margarine - reduced 
fat 
1.16 1.16 0.08 0.08 0.55 0.02 0.46 0.32 2.67 2.67 
Butter and Margarine 
Monounsaturated margarine - 
reduced fat 
1.16 1.16 0.08 0.08 0.55 0.02 0.46 0.32 2.67 2.67 
Fats and oils 
High SAFA/MUFA includes beef 
dripping, lard, chefade, palm oil, 
suet 
2.02 2.02 0.01 0.19 0.38 0.02 0.00 0.03 2.65 2.65 
Fats and oils 
Coconut oil (high SAFA) includes 
coconut oil, shortening from coconut 
oil 
1.00 1.00 0.01 0.19 0.38 0.02 0.00 0.03 1.63 1.63 
Fats and oils 
High MUFA/PUFA includes sesame 
oil, corn oil 
1.37 1.37 0.01 0.19 0.38 0.02 0.00 0.03 2.00 2.00 
Fats and oils 
High MUFA includes canola 
shortening, canola oil, peanut oil 
0.26 0.26 0.01 0.19 0.38 0.02 0.00 0.03 0.89 0.89 
Fats and oils Olive oil 5.12 5.12 0.01 0.19 0.38 0.02 0.00 0.03 5.75 5.75 
Fats and oils 
High PUFA includes sunflower oil, 
soybean oil, safflower oil 
1.33 1.33 0.01 0.19 0.38 0.02 0.00 0.03 1.96 1.96 
Fats and oils 
Oil blends and other oils (includes 
salad/cooking oil, frying oil and 
vegetab 
1.25 1.25 0.01 0.19 0.38 0.02 0.00 0.03 1.88 1.88 
Eggs and egg dishes Poached, boiled and fried eggs 4.25 4.25 0.08 0.10 0.13 0.02 0.00 0.35 4.93 4.93 
Eggs and egg dishes 
Scrambled eggs and omelettes with 
cheese and other additions 
5.42 7.33 0.08 0.09 0.13 0.02 0.11 0.40 6.25 8.15 
Eggs and egg dishes Self-crusting quiches 3.05 4.50 0.03 0.08 0.16 0.01 0.30 0.29 3.91 5.35 
Eggs and egg dishes 
Eggs with additions (scrambled eggs 
and omelettes with fat/milk) 
3.64 4.17 0.06 0.08 0.13 0.01 0.13 0.29 4.35 4.88 
Eggs and egg dishes Egg stir-frys and egg foo yung 2.91 2.91 0.04 0.07 0.13 0.01 0.15 0.39 3.71 3.71 
Beef and Veal 
Muscle meat includes steak, roast, 
schnitzel, corned beef, mince & 
other musc 
20.33 53.24 0.01 0.01 0.13 0.02 0.46 0.47 21.43 54.33 
Beef and Veal 
Casseroles/stews with gravy sauce 
and vegetables/cereals/pasta 
7.86 19.75 0.02 0.05 0.18 0.01 0.22 0.31 8.64 20.53 
Beef and Veal 
Casseroles/stews with tomato based 
sauce and vegetables/cereals/pasta 
6.26 14.60 0.01 0.09 0.17 0.01 0.15 0.33 7.01 15.36 
Beef and Veal Casseroles/stews with sauce only 10.68 25.80 0.00 0.10 0.13 0.01 0.21 0.42 11.56 26.68 
Beef and Veal 
Casseroles/stews with cream based 
sauce and vegetables/cereals/pasta 
6.64 15.97 0.04 0.08 0.17 0.01 0.29 0.32 7.54 16.87 
Beef and Veal Stir-fries with beef & sauce only 20.33 53.24 0.01 0.01 0.13 0.02 0.46 0.47 21.43 54.33 
Beef and Veal 
Stir-fries with beef, sauce & 
vegetables 
9.14 23.32 0.00 0.03 0.13 0.01 0.27 0.31 9.90 24.08 
Beef and Veal 
Stir-fries with beef, sauce & 
rice/noodles 
7.20 17.93 0.02 0.06 0.22 0.01 0.20 0.31 8.01 18.75 
Beef and Veal 
Stir-fries with beef, sauce & 
vegetables and rice/noodles 
11.83 30.18 0.04 0.06 0.28 0.02 0.25 0.39 12.86 31.21 
Lamb/Mutton 
Muscle meats includes roast, chops, 
steak, mince & other muscle meats 
15.77 41.91 0.01 0.00 0.13 0.02 0.46 0.67 17.06 43.20 
Lamb/Mutton Casseroles/stews with sauce only 8.59 20.60 0.00 0.10 0.13 0.01 0.21 0.52 9.56 21.56 
Lamb/Mutton 
Casseroles/stews with gravy sauce 
and vegetables/cereals/pasta 
6.21 15.66 0.02 0.04 0.18 0.01 0.22 0.38 7.07 16.51 
Lamb/Mutton 
Casseroles/stews with tomato based 
sauce and vegetables/cereals/pasta 
5.10 11.73 0.01 0.08 0.17 0.01 0.15 0.38 5.91 12.53 
Lamb/Mutton Stir-fries with meat and sauce only 15.77 41.91 0.01 0.00 0.13 0.02 0.46 0.67 17.06 43.20 
Lamb/Mutton 
Stir-fries with meat, sauce and 
vegetables 
7.17 18.44 0.00 0.03 0.13 0.01 0.27 0.40 8.02 19.28 
Lamb/Mutton 
Stir-fries with meat, sauce, 
vegetables and rice/noodles 
5.76 14.37 0.02 0.06 0.22 0.01 0.20 0.37 6.64 15.25 
Lamb/Mutton 
Stir-fries with meat, sauce and 
rice/noodles 
9.38 24.09 0.04 0.06 0.28 0.02 0.25 0.50 10.51 25.23 
Pork Bacon 9.07 9.07 0.01 0.01 0.55 0.02 0.46 0.50 10.61 10.61 
Pork Ham 9.07 9.07 0.01 0.01 0.55 0.02 0.46 0.50 10.61 10.61 
Pork Pork muscle meat includes roast, 9.07 9.07 0.01 0.01 0.55 0.02 0.46 0.50 10.61 10.61 
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chops. steak, mince, schnitzel, strips, 
spar 
Pork Casseroles/stews with sauce only 5.51 5.51 0.00 0.10 0.32 0.01 0.21 0.44 6.59 6.59 
Pork 
Casseroles/stews with gravy sauce 
and vegetables/cereals/pasta 
3.79 3.79 0.02 0.05 0.33 0.01 0.22 0.32 4.74 4.74 
Pork 
Casseroles/stews with tomato based 
sauce and vegetables/cereals/pasta 
3.40 3.40 0.01 0.09 0.27 0.01 0.15 0.34 4.27 4.27 
Pork Stir-fries with meat and sauce only 9.07 9.07 0.01 0.01 0.55 0.02 0.46 0.50 10.61 10.61 
Pork 
Stir-fries with meat, sauce and 
vegetables 
4.29 4.29 0.00 0.03 0.31 0.01 0.27 0.33 5.24 5.24 
Pork 
Stir-fries with meat, sauce, 
vegetables and rice/noodles 
3.66 4.05 0.02 0.06 0.35 0.01 0.20 0.32 4.61 5.01 
Pork 
Stir-fries with meat, sauce and 
rice/noodles 
5.78 6.46 0.04 0.06 0.50 0.02 0.25 0.40 7.05 7.72 
Poultry 
Chicken muscle meats includes 
breast, drum, thigh, wing, mince 
2.82 2.82 0.01 0.02 0.13 0.02 0.46 0.52 3.97 3.97 
Poultry 
Chicken processed meat includes 
nuggets, patty/fingers, roll processed 
meats 
2.82 2.82 0.01 0.02 0.13 0.02 0.46 0.52 3.97 3.97 
Poultry Casseroles/stews with sauce only 2.64 2.64 0.00 0.11 0.13 0.01 0.21 0.44 3.54 3.54 
Poultry 
Casseroles/stews with gravy sauce 
and vegetables/cereals/pasta 
1.54 1.54 0.02 0.05 0.18 0.01 0.22 0.32 2.34 2.34 
Poultry 
Casseroles/stews with tomato based 
sauce and vegetables/cereals/pasta 
1.82 1.82 0.01 0.09 0.17 0.01 0.15 0.34 2.59 2.59 
Poultry 
Casseroles/stews with cream based 
sauce and vegetables/cereals/pasta 
2.20 3.19 0.04 0.08 0.17 0.01 0.29 0.33 3.12 4.11 
Poultry Stir-fries with meat & sauce only 2.82 2.82 0.01 0.02 0.13 0.02 0.46 0.52 3.97 3.97 
Poultry 
Stir-fries with meat, sauce & 
vegetables 
1.59 1.59 0.00 0.04 0.13 0.01 0.27 0.33 2.38 2.38 
Poultry 
Stir-fries with meat, sauce & 
vegetables and rice/noodles 
1.69 2.09 0.02 0.06 0.22 0.01 0.20 0.32 2.53 2.92 
Poultry 
Stir-fries with meat, sauce and 
rice/noodles 
2.43 3.10 0.04 0.07 0.28 0.02 0.25 0.41 3.48 4.16 
Poultry Duck muscle meats 2.82 2.82 0.01 0.02 0.13 0.02 0.46 0.52 3.97 3.97 
Poultry Casserole 1.54 1.54 0.02 0.05 0.18 0.01 0.22 0.32 2.34 2.34 
Poultry Turkey muscle meats 2.82 2.82 0.01 0.02 0.13 0.02 0.46 0.52 3.97 3.97 
Poultry Turkey processed meats 2.82 2.82 0.01 0.02 0.13 0.02 0.46 0.52 3.97 3.97 
Poultry Other poultry 2.82 2.82 0.01 0.02 0.13 0.02 0.46 0.52 3.97 3.97 
Other meat 
Venison includes muscle meats, 
casseroles and sausages 
15.77 41.91 0.01 0.00 0.13 0.02 0.46 0.67 17.06 43.20 
Other meat Rabbit/Hare 2.82 2.82 0.01 0.02 0.13 0.02 0.46 0.52 3.97 3.97 
Other meat Tongue 12.00 26.76 0.01 0.01 0.24 0.02 0.46 0.54 13.27 28.03 
Other meat Black and white pudding 12.00 26.76 0.01 0.01 0.24 0.02 0.46 0.54 13.27 28.03 
Other meat Kidney 12.00 26.76 0.01 0.01 0.24 0.02 0.46 0.54 13.27 28.03 
Other meat Sheep Heart 15.77 41.91 0.01 0.00 0.13 0.02 0.46 0.67 17.06 43.20 
Other meat Liver 12.00 26.76 0.01 0.01 0.24 0.02 0.46 0.54 13.27 28.03 
Other meat Pate (made from liver) 12.00 26.76 0.01 0.01 0.24 0.02 0.46 0.54 13.27 28.03 
Other meat Other offal 12.00 26.76 0.01 0.01 0.24 0.02 0.46 0.54 13.27 28.03 
Other meat Goat 15.77 41.91 0.01 0.00 0.13 0.02 0.46 0.67 17.06 43.20 
Other meat Ostrich 12.00 26.76 0.01 0.01 0.24 0.02 0.46 0.54 13.27 28.03 
Other meat Kangaroo/crocodile 12.00 26.76 0.01 0.01 0.24 0.02 0.46 0.54 13.27 28.03 
Sausages and processed 
meats 
Sausages 14.70 31.15 0.01 0.01 0.34 0.02 0.46 0.48 16.02 32.47 
Sausages and processed 
meats 
Sausages, chicken 2.82 2.82 0.01 0.02 0.13 0.02 0.46 0.52 3.97 3.97 
Sausages and processed 
meats 
Sausages, vegetarian 3.09 3.09 0.07 0.27 0.88 0.02 0.46 0.64 5.42 5.42 
Sausages and processed 
meats 
Luncheon 14.70 31.15 0.01 0.01 0.34 0.02 0.46 0.48 16.02 32.47 
Sausages and processed 
meats 
Frankfurters 14.70 31.15 0.01 0.01 0.34 0.02 0.46 0.48 16.02 32.47 
Sausages and processed 
meats 
Saveloys 14.70 31.15 0.01 0.01 0.34 0.02 0.46 0.48 16.02 32.47 
Sausages and processed 
meats 
Battered saveloys 14.70 31.15 0.01 0.01 0.34 0.02 0.46 0.48 16.02 32.47 
Sausages and processed 
meats 
Salami 14.70 31.15 0.01 0.01 0.34 0.02 0.46 0.48 16.02 32.47 
Sausages and processed 
meats 
Meat-loaf 14.70 31.15 0.01 0.01 0.34 0.02 0.46 0.48 16.02 32.47 
Sausages and processed 
meats 
Meat patties 14.70 31.15 0.01 0.01 0.34 0.02 0.46 0.48 16.02 32.47 
Pies and pasties 
Beef pies includes pies with pastry, 
potato topped pies 
2.76 2.76 0.07 0.06 0.13 0.02 0.46 0.53 4.03 4.03 
Pies and pasties 
Chicken pies includes pies with 
pastry, potato topped pies 
2.76 2.76 0.07 0.06 0.13 0.02 0.46 0.53 4.03 4.03 
Pies and pasties Pasties 2.76 2.76 0.07 0.06 0.13 0.02 0.46 0.53 4.03 4.03 
Pies and pasties Savouries 2.76 2.76 0.07 0.06 0.13 0.02 0.46 0.53 4.03 4.03 
Pies and pasties Sausage rolls 2.76 2.76 0.07 0.06 0.13 0.02 0.46 0.53 4.03 4.03 
Pies and pasties Bacon and egg pie 2.76 2.76 0.07 0.06 0.13 0.02 0.46 0.53 4.03 4.03 
Pies and pasties Quiche 2.76 2.76 0.07 0.06 0.13 0.02 0.46 0.53 4.03 4.03 
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Pies and pasties 
Other pies includes seafood pies, 
mutton pies, vegetarian pies 
2.76 2.76 0.07 0.06 0.13 0.02 0.46 0.53 4.03 4.03 
Fish/Seafood Battered fin fish 4.58 4.58 0.01 0.06 0.13 0.02 0.46 0.68 5.94 5.94 
Fish/Seafood Canned smoked fish 1.34 1.34 0.07 0.68 0.30 0.02 0.00 0.79 3.21 3.21 
Fish/Seafood Canned sardines 1.34 1.34 0.07 0.68 0.30 0.02 0.00 0.79 3.21 3.21 
Fish/Seafood Canned tuna, 1.34 1.34 0.07 0.68 0.30 0.02 0.00 0.79 3.21 3.21 
Fish/Seafood Canned salmon 1.34 1.34 0.07 0.68 0.30 0.02 0.00 0.79 3.21 3.21 
Fish/Seafood Canned shellfish 1.34 1.34 0.07 0.68 0.30 0.02 0.00 0.79 3.21 3.21 
Fish/Seafood Canned other 1.34 1.34 0.07 0.68 0.30 0.02 0.00 0.79 3.21 3.21 
Fish/Seafood 
Fin fish includes smoked , frozen 
and fresh 
4.58 4.58 0.01 0.06 0.13 0.02 0.46 0.68 5.94 5.94 
Fish/Seafood Mussels, 9.33 9.33 0.01 0.06 0.13 0.02 0.46 0.68 10.69 10.69 
Fish/Seafood Oysters, 9.33 9.33 0.01 0.06 0.13 0.02 0.46 0.68 10.69 10.69 
Fish/Seafood Paua 9.33 9.33 0.01 0.06 0.13 0.02 0.46 0.68 10.69 10.69 
Fish/Seafood Scallops 9.33 9.33 0.01 0.06 0.13 0.02 0.46 0.68 10.69 10.69 
Fish/Seafood Shrimp/prawns 2.48 2.48 0.01 0.06 0.13 0.02 0.46 0.68 3.84 3.84 
Fish/Seafood Squid 2.48 2.48 0.01 0.06 0.13 0.02 0.46 0.68 3.84 3.84 
Fish/Seafood Other shellfish and non-fin fish 2.48 2.48 0.01 0.06 0.13 0.02 0.46 0.68 3.84 3.84 
Fish/Seafood Crab and crayfish 41.70 41.70 0.01 0.06 0.13 0.02 0.46 0.68 43.06 43.06 
Fish/Seafood Fish/seafood pie 4.58 4.58 0.01 0.06 0.13 0.02 0.46 0.68 5.94 5.94 
Fish/Seafood 
Fish/seafood casserole stirfrys and 
fritters 
4.58 4.58 0.01 0.06 0.13 0.02 0.46 0.68 5.94 5.94 
Fish/Seafood 
Fish/seafood products incl's fish 
fingers, fish cakes 
4.58 4.58 0.01 0.06 0.13 0.02 0.46 0.68 5.94 5.94 
Vegetables 
Leafy greens includes lettuce, 
spinach, silver beet, bok choy etc 
0.39 0.39 0.08 0.78 0.13 0.02 0.46 1.15 3.01 3.01 
Vegetables Beans/peas/corn 1.51 1.51 0.00 0.04 0.13 0.49 0.46 0.20 2.83 2.83 
Vegetables Cooked or canned tomatoes 2.48 2.48 0.00 0.18 0.13 0.00 0.00 0.38 3.18 3.18 
Vegetables Purees and pastes 2.48 2.48 0.00 0.18 0.13 0.00 0.00 0.38 3.18 3.18 
Vegetables Raw 1.34 1.34 0.03 0.36 0.13 0.01 0.23 0.62 2.71 2.71 
Vegetables Carrots 0.35 0.35 0.00 0.01 0.13 0.00 0.07 0.11 0.67 0.67 
Vegetables Pumpkin/squash/butternut 1.15 1.15 0.00 0.12 0.13 0.00 0.23 0.32 1.95 1.95 




1.15 1.15 0.00 0.12 0.13 0.00 0.23 0.32 1.95 1.95 
Vegetables Onion/garlic/leeks 0.35 0.35 0.00 0.01 0.13 0.00 0.07 0.11 0.67 0.67 
Vegetables 
Other vegetables includes parsnip, 
marrow/courgettes 
1.15 1.15 0.00 0.12 0.13 0.00 0.23 0.32 1.95 1.95 
Vegetables Carrots/peas/beans/corn mixes 1.51 1.51 0.00 0.04 0.13 0.49 0.46 0.20 2.83 2.83 
Vegetables Stir-fry mixes 1.51 1.51 0.00 0.04 0.13 0.49 0.46 0.20 2.83 2.83 
Vegetables Mature legumes and pulses 0.33 0.33 0.00 0.01 1.08 0.00 0.00 0.11 1.53 1.53 
Vegetables 
Mature legumes and pulse products 
and dishes 
0.33 0.33 0.00 0.01 1.08 0.00 0.00 0.11 1.53 1.53 
Vegetables Meat substitutes and dishes 0.19 0.19 0.07 0.27 0.88 0.02 0.46 0.64 2.52 2.52 
Vegetables 
Stuffed vegetables and vegetable 
dishes 
1.15 1.15 0.00 0.12 0.13 0.00 0.23 0.32 1.95 1.95 
Vegetables 
Salad recipes (includes green salads, 
coleslaw, etc.) 
0.39 0.39 0.08 0.78 0.13 0.02 0.46 1.15 3.01 3.01 
Potatoes, kumara and 
taro 
Potato (includes boiled and baked 
potatoes) 
0.23 0.23 0.00 0.01 0.13 0.00 0.00 0.10 0.48 0.48 




0.23 0.23 0.00 0.01 0.13 0.00 0.00 0.10 0.48 0.48 
Potatoes, kumara and 
taro 
Potato crisps - regular fat 2.61 2.61 0.07 0.25 0.13 0.02 0.00 0.73 3.81 3.81 
Potatoes, kumara and 
taro 
Potato crisps - reduced fat 2.61 2.61 0.07 0.25 0.13 0.02 0.00 0.73 3.81 3.81 
Potatoes, kumara and 
taro 
Mashed potatoes with cheese added 1.45 2.55 0.01 0.02 0.13 0.00 0.06 0.16 1.84 2.94 
Potatoes, kumara and 
taro 
Scalloped potatoes 0.23 0.23 0.00 0.01 0.13 0.00 0.00 0.10 0.48 0.48 
Potatoes, kumara and 
taro 
Stuffed potatoes and other potato 
dishes 
0.23 0.23 0.00 0.01 0.13 0.00 0.00 0.10 0.48 0.48 
Potatoes, kumara and 
taro 
Potatoes with additions (eg. mashed 
with fat/milk added) 
0.59 0.95 0.00 0.02 0.13 0.00 0.11 0.11 0.95 1.32 
Potatoes, kumara and 
taro 
Kumara 0.23 0.23 0.00 0.01 0.13 0.00 0.00 0.10 0.48 0.48 
Potatoes, kumara and 
taro 
Taro 0.23 0.23 0.00 0.01 0.13 0.00 0.00 0.10 0.48 0.48 
Snack foods Corn snacks including corn chips 2.61 2.61 0.07 0.25 0.13 0.02 0.00 0.73 3.81 3.81 
Snack foods Pop corn 2.61 2.61 0.07 0.25 0.13 0.02 0.00 0.73 3.81 3.81 
Snack foods 
Extruded snacks and other crisps 
(not potato or corn) 
2.61 2.61 0.07 0.25 0.13 0.02 0.00 0.73 3.81 3.81 
Snack foods Other including mixes 2.61 2.61 0.07 0.25 0.13 0.02 0.00 0.73 3.81 3.81 
Snack foods 
Other crisps eg. grain or kumara 
crisps 
2.61 2.61 0.07 0.25 0.13 0.02 0.00 0.73 3.81 3.81 
Fruit Apple 0.39 0.38 0.00 0.01 0.13 0.00 0.03 0.19 0.75 0.74 
Fruit Pear 0.39 0.38 0.00 0.01 0.13 0.00 0.03 0.19 0.75 0.74 
137 
 
ANS Food Groups 





































































































































Fruit Other pomme fruits 0.39 0.38 0.00 0.01 0.13 0.00 0.03 0.19 0.75 0.74 
Fruit Berry Fruit 0.47 0.47 0.00 0.05 0.13 0.00 0.09 0.73 1.47 1.47 
Fruit Stone fruit 0.52 0.52 0.00 0.09 0.13 0.00 0.09 0.46 1.29 1.29 
Fruit Oranges 0.33 0.33 0.00 0.01 0.28 0.00 0.00 0.27 0.89 0.89 
Fruit Other citrus fruits 0.33 0.33 0.00 0.01 0.28 0.00 0.00 0.27 0.89 0.89 
Fruit Banana 0.23 0.23 0.00 0.00 0.35 0.00 0.00 0.10 0.69 0.69 
Fruit Pineapple 0.33 0.33 0.00 0.03 1.22 0.00 0.23 0.55 2.36 2.36 
Fruit Other tropical fruits 0.33 0.33 0.00 0.03 1.22 0.00 0.23 0.55 2.36 2.36 
Fruit Other fruits 0.52 0.52 0.00 0.09 0.13 0.00 0.09 0.46 1.29 1.29 
Fruit Dried vine fruit 2.66 2.66 0.07 0.08 0.47 0.02 0.00 0.72 4.01 4.01 
Fruit Other dried fruit and mixes 2.66 2.66 0.07 0.08 0.47 0.02 0.00 0.72 4.01 4.01 
Fruit Fruit leather/roll ups 2.66 2.66 0.07 0.08 0.47 0.02 0.00 0.72 4.01 4.01 
Fruit Mixed fruits includes fruit salad 0.38 0.38 0.00 0.03 0.38 0.00 0.07 0.39 1.24 1.24 
Nuts and Seeds Peanuts 1.29 1.29 0.07 0.08 0.47 0.02 0.00 0.72 2.64 2.64 
Nuts and Seeds Coconut 1.00 1.00 0.07 0.08 0.47 0.02 0.00 0.72 2.35 2.35 
Nuts and Seeds Other nuts 2.66 2.66 0.07 0.08 0.47 0.02 0.00 0.72 4.01 4.01 
Nuts and Seeds Nut butters 1.29 1.29 0.07 0.08 0.47 0.02 0.00 0.72 2.64 2.64 
Nuts and Seeds 
Coconut products including coconut 
cream 
2.66 2.66 0.07 0.08 0.47 0.02 0.00 0.72 4.01 4.01 
Nuts and Seeds Nut based dips 2.66 2.66 0.07 0.08 0.47 0.02 0.00 0.72 4.01 4.01 
Nuts and Seeds Seeds 2.66 2.66 0.07 0.08 0.47 0.02 0.00 0.72 4.01 4.01 
Nuts and Seeds Seed products 2.66 2.66 0.07 0.08 0.47 0.02 0.00 0.72 4.01 4.01 
Sugar/sweets Sugar 2.71 2.71 0.07 0.39 0.97 0.02 0.00 0.86 5.02 5.02 
Sugar/sweets Golden syrups 2.71 2.71 0.07 0.39 0.97 0.02 0.00 0.86 5.02 5.02 
Sugar/sweets 
Other sugar syrups including 
molasses, maple syrup, treacle 
2.71 2.71 0.07 0.39 0.97 0.02 0.00 0.86 5.02 5.02 
Sugar/sweets Lollies 2.71 2.71 0.07 0.39 0.97 0.02 0.00 0.86 5.02 5.02 
Sugar/sweets Bubblegum and chewing gum 2.71 2.71 0.07 0.39 0.97 0.02 0.00 0.86 5.02 5.02 
Sugar/sweets 
Chocolate and chocolate based 
confectionery 
2.71 2.71 0.07 0.39 0.97 0.02 0.00 0.86 5.02 5.02 
Sugar/sweets 
Sugar based toppings, sauces and 
icings 
2.71 2.71 0.07 0.39 0.97 0.02 0.00 0.86 5.02 5.02 
Sugar/sweets 
Ice blocks including milk or juice 
base 
2.71 2.71 0.07 0.39 0.97 0.02 0.00 0.86 5.02 5.02 
Sugar/sweets Jam/marmalade/honey 1.15 1.15 0.07 0.61 0.13 0.03 0.00 0.47 2.47 2.47 
Sugar/sweets other eg jelly 2.71 2.71 0.07 0.39 0.97 0.02 0.00 0.86 5.02 5.02 
Soups and stocks Soups containing meat 2.11 2.11 0.07 0.46 0.13 0.02 0.00 0.26 3.06 3.06 
Soups and stocks Soups containing chicken 2.11 2.11 0.07 0.46 0.13 0.02 0.00 0.26 3.06 3.06 
Soups and stocks Soups containing fish or seafood 2.11 2.11 0.07 0.46 0.13 0.02 0.00 0.26 3.06 3.06 
Soups and stocks Tomato based soups 2.16 2.16 0.03 0.27 0.13 0.01 0.01 0.32 2.93 2.93 
Soups and stocks Other vegetable soups 1.35 1.35 0.04 0.27 0.13 0.01 0.01 0.20 2.02 2.02 
Soups and stocks Stocks 2.11 2.11 0.07 0.46 0.13 0.02 0.00 0.26 3.06 3.06 
Savoury sauces and 
condiments 
Gravies 1.19 1.19 0.07 0.51 0.13 0.02 0.00 0.47 2.40 2.40 
Savoury sauces and 
condiments 
Other savoury sauces (no meat) 1.19 1.19 0.07 0.51 0.88 0.02 0.00 0.47 3.14 3.14 
Savoury sauces and 
condiments 
Tomato based pasta sauces (no 
meat) 
2.48 2.48 0.00 0.18 0.20 0.00 0.00 0.38 3.25 3.25 
Savoury sauces and 
condiments 
Cream or oil based pasta sauces (no 
meat) 
3.76 7.08 0.08 0.16 0.13 0.02 0.46 0.34 4.95 8.27 
Savoury sauces and 
condiments 
Pasta sauces containing 
meat/chicken/fish 
6.63 14.58 0.00 0.13 0.13 0.00 0.12 0.39 7.41 15.36 
Savoury sauces and 
condiments 
Condiments, salt and other 
flavourings 
1.19 1.19 0.07 0.51 0.88 0.02 0.00 0.47 3.14 3.14 
Savoury sauces and 
condiments 
Other additional sauces includes 
steak sauce, fruit sauces 
1.19 1.19 0.07 0.51 0.20 0.02 0.00 0.47 2.47 2.47 
Savoury sauces and 
condiments 
Tomato sauce 1.19 1.19 0.07 0.51 0.20 0.02 0.00 0.47 2.47 2.47 
Savoury sauces and 
condiments 
Roux sauces includes white sauces, 
cheese sauces 
1.19 1.19 0.07 0.51 0.13 0.02 0.00 0.47 2.40 2.40 
Savoury sauces and 
condiments 
Mayonnaise and cream style 
dressings, full fat 
1.19 1.19 0.07 0.51 0.13 0.02 0.00 0.47 2.40 2.40 
Savoury sauces and 
condiments 
Mayonnaise and cream style 
dressings, reduced fat 
1.19 1.19 0.07 0.51 0.13 0.02 0.00 0.47 2.40 2.40 
Savoury sauces and 
condiments 
Oil and vinegar, French style 
dressings, full fat 
1.19 1.19 0.07 0.51 0.38 0.02 0.00 0.47 2.65 2.65 
Savoury sauces and 
condiments 
Oil and vinegar, French style 
dressings, reduced fat 
1.19 1.19 0.07 0.51 0.38 0.02 0.00 0.47 2.65 2.65 
Savoury sauces and 
condiments 
Pickles and chutneys 1.19 1.19 0.07 0.51 0.13 0.02 0.00 0.47 2.40 2.40 
Savoury sauces and 
condiments 
Yeast & vege extracts (eg marmite) 1.19 1.19 0.07 0.51 0.13 0.02 0.00 0.47 2.40 2.40 
Non-alcoholic 
beverages 
Tea includes black tea, herbal tea, 
green tea 
0.18 0.18 0.00 0.00 0.00 0.00 0.00 0.01 0.20 0.20 
Non-alcoholic 
beverages 
Coffee 0.41 0.41 0.00 0.00 0.00 0.00 0.00 0.01 0.43 0.43 
Non-alcoholic 
beverages 
Hot drinks includes Milo, hot 
chocolate, cocoa 
0.33 0.33 0.00 0.00 0.00 0.00 0.00 0.01 0.35 0.35 
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Fruit Juices includes apple, orange, 
grapefruit, grape etc 
0.71 0.71 0.08 0.11 0.13 0.02 0.00 0.13 1.18 1.18 
Non-alcoholic 
beverages 
Vegetable juices 0.71 0.71 0.08 0.11 0.13 0.02 0.00 0.13 1.18 1.18 
Non-alcoholic 
beverages 
Cordials and fruit drinks 0.19 0.19 0.08 0.23 0.23 0.02 0.00 0.10 0.84 0.84 
Non-alcoholic 
beverages 
Regular soft drinks, 0.19 0.19 0.08 0.23 0.23 0.02 0.00 0.10 0.84 0.84 
Non-alcoholic 
beverages 
Diet soft drinks 0.19 0.19 0.08 0.23 0.23 0.02 0.00 0.10 0.84 0.84 
Non-alcoholic 
beverages 
Sweetened water 0.03 0.03 0.08 0.29 0.23 0.02 0.00 0.03 0.68 0.68 
Non-alcoholic 
beverages 
Sports drinks 0.19 0.19 0.08 0.23 0.97 0.02 0.00 0.10 1.58 1.58 
Non-alcoholic 
beverages 
Energy drinks 0.19 0.19 0.08 0.23 0.97 0.02 0.00 0.10 1.58 1.58 
Non-alcoholic 
beverages 
Powdered drinks 0.19 0.19 0.08 0.23 0.97 0.02 0.00 0.10 1.58 1.58 
Non-alcoholic 
beverages 
Other non-alcoholic beverages 0.19 0.19 0.08 0.23 0.97 0.02 0.00 0.10 1.58 1.58 
Alcoholic beverages Beer 0.28 0.28 0.07 0.56 0.13 0.02 0.00 0.21 1.28 1.28 
Alcoholic beverages Wine 0.65 0.65 0.07 0.51 0.13 0.03 0.03 0.61 2.03 2.03 
Alcoholic beverages Spirits 0.65 0.65 0.07 0.49 0.33 0.03 0.00 1.46 3.03 3.03 
Alcoholic beverages Liqueurs and cocktails 0.65 0.65 0.07 0.49 0.33 0.03 0.00 2.33 3.90 3.90 
Alcoholic beverages 
Other alcohol eg cider alcoholic 
soda 
0.28 0.28 0.07 0.56 0.13 0.02 0.00 0.21 1.28 1.28 
Snack bars Fruit break/wholemeal fruit bars 0.89 0.89 0.07 0.20 0.22 0.02 0.00 0.38 1.77 1.77 
Snack bars Muesli bars (rolled oat base) 0.89 0.89 0.07 0.20 0.22 0.02 0.00 0.38 1.77 1.77 
Snack bars 
Soft and hard mixed grain bars 
(mixed cereal base) 
0.89 0.89 0.07 0.20 0.22 0.02 0.00 0.38 1.77 1.77 
Snack bars 
Puffed cereal bars (based on rice or 
corn) 
0.89 0.89 0.07 0.20 0.22 0.02 0.00 0.38 1.77 1.77 
Snack bars Other breakfast cereal based bars 0.89 0.89 0.07 0.20 0.22 0.02 0.00 0.38 1.77 1.77 





Appendix C: Sample of Revised EAG Document 
 
The following pages contain a sample of our revised EAG document, which includes all introductory 
material and Eating Statement 1. The complete document (including Eating Statements 2-5) can be made 
available upon request. Revisions are highlighted in yellow. 
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